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Bomac offers you the widest choice of 
performance-proven microwave tubes and 


components from which to choose. 


And when it comes to adaptations, or 

totally new designs, there’s no substitute for Bomac’s 
12 years’ experience in this specialized, 

complex, fast-changing field. 


Whatever your problem in microwave, 
check Bomac first. 
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MULTI-PURPOSE 


SPECTRUM 
ANALYZER 


PANORAMIC’S 


SPA-3 


for maximum economy 
...maximum application 


Comkines ih> most desirable fea- 
tures of a whole series of equipments 
and MORE ... in one compact func- 
tional unit: 


@ 3 mc wide sweepwidth continuously 
adjustable down to 0 

@ Variable tuning control calibrated 
from 0 to 13.5 me 

@ Variable resolution 200 cps to 30 ke 

@ Variable scan rate 1 cps to 60 cps 

@ Lin, log and square law amplitude 
scales 

@ High sensitivity — 20 ,» full scale 

@ Calibrated 100 db attenuator 


SPA-2/25 EXTENDS RANGE 
—z200 cps to 25 me 


Same basic circuitry as SPA-3, but 
with greatly extended frequency 
range. Controls and parameters simi- 
lar, except variable tuning control is 
calibrated 0 to 23.5 mc. 


—_. 
Write for NEW Catalo Digest |= 
and the PANORAMIC ANA- wm | 

’ = 

La ——__ 


PANORAMIC 


RADIO PRODUCTS, INC. 


518 So. Fulton Ave., Mt. Vernon, N. Y. 
OWens 9-4600 
Cables: Panoramic, Mt. Vernon, N.Y. State 
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Expanded Scale Meter-Relay fin» 
4 Two-Company Product f'"”" 


oly + 
A new expanded-scale meter relay which combingghas bee 
the accuracy and other desirable features of expanded continu 
scale meters developed by Voltron Products, 10)q{coars¢ 
Mission St., So. Pasadena, Calif., with the sensitivity residue 
and reliability of meter-relays produced by Assembly flectro 
Products, Inc., of Chesterland, Ohio; is to be jointly Md. 
produced and sold by the two companies. EL App! 
tincenteatat essinit sare 
use by 
system: 
invest 
Solid-s 
throug 
rugged 
tional 
FOR M 


. 
Mit 
7 I 

The new meter-relay, said to provide four to ten yo} 
times the accuracy of the conventional meter relay, can 
be used to monitor any quantity that can be measured 

| electrically with great precision and reliability. puters 
Available in 244”, 34” and 444” models, the new] i be 
meter relay provides 10,000,000 make-break cycles} ¢ the 
with 100% perfect contact, requires only low current 
and voltage inputs; and eliminates the problem of load 
isolation in measuring circuits. 

This product is also noteworthy in that the scientific 
know-how of two independent companies making 
complementary products has been combined without 
combining management or merging. The solution 
worked out was to enter into a joint venture whereby 
the most desirable features of the products are merged 
but the two managements remain independent. Detailed 
specifications can be obtained from either of the spon- 


soring firms. SOL 
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| New FM/FM Quantizer System} 4 
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A new system which is said to upgrade the per- 


















| formance of present FM/FM telemetering systems _ 
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“How To Specify Solenoid Valves” : 

ow To peci y Solenoid Valves fot 
Th 

An authoritative booklet, fully illustrated with page after page of schematics, flow charts and diagrams, 7 : 

covering every important solenoid valve design. A complete guide for calculating flow and pressure mode 

drop characteristics...how to determine the most suitable valve configuration...what type of sealing oy 

principle is best for you...how to eliminate costly over-specifying. Invaluable to engineering and —55 

purchasing personnel. _TE 
tl 

Write today for your free copy. | as 

| or s 

Wilh] /m VALCOR ENGINEERING CORP. nod 


page 
: FM/FM “ACCURACY comparable to pulse coll 
365 Carnegie Ave., Kenilworth, N. J. « CHestnut 5-1665 modulation techniques is claimed with transistorized from 


telemetering quantizer. 
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lay yith a maximum error of +3% to permit the repro- 
-f juction of an information signal with an error of 
. oly +0.35%. The heart of the new system, which 
has been named Vernitel, is a special quantizer which 
continuously separates the information voltage into a 
arse voltage of 16 discrete levels, and a vernier of 
residue voltage. It is a development of the Hoover 
Electronics Co., 10 W. Timonium Rd., Timonium, 
Md. 

Application of the new system should enable the 
ycuracy of IRIG standard FM/FM systems now in 
ye by the armed forces to approach that of PCM 
ystems with a minimum of alteration or additional 
investment at either the transmitting or receiving end. 
Solid-state diodes and transistors have been used 
throughout Vernitel to keep the unit as small and 
rugged as possible. Technical characteristics and addi- 
tional information is available on request. 
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Miniature Voltage Reference 
Is Accurate and Rugged 
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© ten Voltage standards used as reference inputs in con- 
Y» er trol and indicating servo systems, fire control sys- 
sure 


tems, auto pilots, missiles, function generators, com- 
puters and reactor control systems, to name only a few, 
are benchmarks on which the reliability and accuracy 
of the entire system must rest. 
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SOLID STATE miniature units provide rugged accu- 


"ARD FT rate voltage benchmarks for system operations. 


emi A new line of “Refvolt” constant voltage standards 

q using neither vacuum tubes nor contacts, but using 
Rid silicon junction diodes operating in the zener region 
_. | to maintain their stability are now available to provide 
a constant 6.2 v de reference output. Models are avail- 
able for dc input voltages varying over the 18-to-30 
volt range, and for 60 and 400 cps ac inputs which 
can fluctuate between 90 to 130 volts. Accuracy of 
the output voltage is specified for two levels, either 
to 45% or +1% of nominal, with ripple on ac 
| J models to 6 or 1 millivolts, depending on the model. 
> | Temperature coefficients are 0.01%/°C, with warmup 
drift less than 0.1%. The operating range is from 
—55° to 125°C. 
The “Refvolt” is encapsulated in a shock and vibra- 
tion resistant package that exceeds MIL-E-5272A. It 
can be supplied either with 7-pin miniature tube base 
or solder terminals. Units range from 3 oz for dc 
_ J models to 1 lb for 60 cps models (See Figure). A four- 
ide Page specifications bulletin is available on request 
ail from the manufacturer, Consolidated Controls Corp., 
Bethel, Conn. 
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Distributed constant delay 
lines « Lumped-constant 
delay lines + Variable de- 
lay networks + Continu- 
ously variable delay lines 
« Pushbutton decade delay 
lines + Shift registers « 
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Pulse transformers + Me- 
dium and low-power trans- 
formers « Filters of all 
types « Pulse-forming net- 
works + Miniature plug- 
in encapsulated circuit 
assemblies 




















ESC DEVELOPS 
DELAY LINE WITH 








170 to 1 DELAY TIME/ 
RISE TIME RATIO 





Model 61-34 Perfected 
For Specialized 


Communications Application 











PALISADES PARK, N. J.—An entirely new 
Lumped-Constant Delay Line, with a proven 
170 to 1 delay time/rise time ratio, has been 
announced by the ESC Corporation, Palisades 
Park, N. J. The new delay line, known as 
Model 61-34, was specifically designed for a 
specialized communications application call- 
ing for the exceptionally high delay time/rise 
time ratio. 

ESC, the world’s leading manufacturer of 
custom built and stock delay lines, is already 
widely recognized in the electronics industry 
for its exceptional engineering advances. In 
October, 1958, ESC broke through an existing 
design barrier and produced a delay line with 
a 145 to 1 delay time/rise time ratio. It had 
been thought, prior to the announcement of 
the Model 61-34, that ESC had reached the 
ultimate in this type of delay line. 








< 


Re OO NE eer, 


SPECIFICATIONS OF NEW DELAY LINE 
MODEL 61-34 


Delay time/rise time ratio: 170/1 
Delay: 200 usec. 
Rise time: 1.16 usec. 
Attenuation: less than 2 db 
Frequency response: 3 db = 325 KC . 
50 taps with an accuracy of +0.2 usec. at 
each tap. 

Complete technical data on the new unit 
can be obtained by writing to 
ESC Corporation, 534 Bergen Boule- 
vard, Palisades Park, New Jersey. 
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FAST 

















SWITCHING 
DIODE 


NEW FROM SPERRY is this high-temperature IN690 
series silicon diode which gives you greater current- 
handling capability than germanium diodes — with 
no sacrifice in recovery time! 

Check for yourself the performance characteris- 
tics of this new diode in the graphs at left . . . then 
compare them with our minimum specifications 
below. 


FAST RECOVERY. Maximum recovery time is 
0.8 microseconds to return to 10 K ohms. 
Recovery test switches from a forward current 2 
microsecond pulse of 500 ma,.to a reverse voltage 
of —50 volts with a loop impedance of 1 K ohm. 





HIGH FORWARD CONDUCTANCE. The for- 
ward current specification is 400 ma at 25° C 
with 1.0 volt maximum drop under static (d-c) 
conditions. Conductivity increases with tempera- 
ture — diagram shows typical “x-y” plots at 25° 


and 150° C. 

2 LOW LEAKAGE at high inverse voltage. Spec- 
ification at 25° C is maximum 0.25 ya at 

rated voltages. 








HIGH INVERSE VOLTAGE. Saturation volt- 

ages can be supplied in a range from 40 to 

150 volts for this high current series. 

& HIGH-TEMPERATURE OPERATION. | ypically, 
leakage current is no greater than 30 ya at 

working inverse voltage and 150° C. Diodes are 


rated for both operation and storage at tempera- 
tures from —65° to +150° C. 








SPERRY SEMICONDUCTOR DIVISION 
SPERRY RAND CORPORATION - SOUTH NORWALK, CONN. 
Sales Offices: Baltimore, Boston, Brooklyn, Chicago, 
Cleveland, Los Angeles, New Orleans, Philadelphia, San 
Francisco, Seattle. 
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Highlighting This Issue 
Continuing the MILITARY SYSTEM DESiG\ 7 
practice of emphasizing certain fields of interest \ whicl 
design and systems engineers in the military field “Blin 
this issue lays stress on Time Delay Lines and Minis. ested 
ture Relays as applied to Military Systems. We are par. anini 
ticularly proud of the excellent articles we are ab U. s 
to offer which cover the theory and practice of Dela D. € 
Lines, both in the electronic and ultrasonic categories, (195 


Design of delay lines is treated in articles by Arthu A 
Rothbart and Stephen J. Meyers of the ITT Labora. 


tories; David J. Whitney of Andersen Laboratories ae 
Inc.; and by R. Michel Zilberstein of Richard D. Brest 
& Co., Inc. Electronics circuitry associated with the adeq 
applications of Fused Quartz Delay Lines is treated ase 
in a heavily documented article by Harry Lockhart of sti 
the Laboratory for Electronics, Inc.; and other ap seit 


plication problems of delay lines in military systems 
are delineated by Dr. R. W. Roop of the Generd 
Atronics Corporation. References to the technical 
literature accompanying these articles will provide the 
serious reader with a comprehensive course of stud; 
in delay line theory. Typical characteristics of 73 dif: LIGH 
ferent types of commercially stocked delay lines pro- REF 


TRIE 








duced by nineteen different manufacturers are ad: 
ditionally provided in a summary beginning on page 
246, which should indicate the scope of this versatile 
and too-little-known device. 

Relays of the miniature and micro-miniature variety 
continue to be developed. Balanced-armature construc: 
tion and magnetic stabilization of the unoperated arma 
ture are two principles which are popular in relays 
for rugged environments. Combination of solid-state 
devices with micro-miniature relays is another tech: 
nique which is finding expression. “Engineering Re 
lays for Space,” by Leonard Ash and A. O. Adams, 
Leach Corporation; also the article “Electronic Time 
Delay Relay of High Accuracy,” by Raymond Freeifj The LI 


this cor 





of Vor-Shan Electronics; give two transistorized solu: fj Operate 
tions to the delay-relay problem. Other relay articles — 
and a number of relay releases in the New Product on 
columns (p. 269) provides a cross-section of the “stale ra 
of the art” in miniature relays as of this date. pared 
The word “emphasis” as used above and in our table aon 
find th 


of contents implies that many other important topics 
are also treated in each issue. Of particular interest 
we believe, will be the explanation of why a constant} PRIC 
volume gas switch is needed in missiles and how ‘ 





MILITARY SYSTEMS DESIGN #Sept 





Ue 
DESIG\ 


erest to 
'y field, 
1 Minia. 
are par. 
are able 
f Delay 
legories, 
* Arthur 
Labora. 
ratories, 
D. Brew 
vith the 
treated 
chart of 
her ap. 
systems 


works—by Dr. B. A. Hicks in “Monitoring Artificial 
Atmospheres.” 

Solid-state devices are also well represented in this 
issue, headed by an excellent exposition of a new 
semiconductor “tunnel” diode, just announced by the 
General Electric Research and Advanced Semiconduc- 
tor Laboratories. Although this development closely 
resembles former semiconductor devices, the “tunnel” 


‘Low cost, versatile DIGITAL SYSTEMS 


| 
| 


principle appears to be unique, and to open a new | 


plateau in semiconductor circuitry. 


Fallout Shelters 


In answer to requests for details on Fall-out shelters 


which were prompted by our July-August editorial, | 


“Blind Spot in Our Defense,” we recommend that inter- 
ested readers contact their local Civil Defense Ad- 
ministrator or send 10 cents to the Supt. of Documents, 
U. S. Government Printing Office, Washington 25, 
D. C., and ask for the OCDM bulletin No. MP-15 
(1959) entitled “The Family Fallout Shelter.” 

A typical basement shelter, made of concrete blocks 
on a “do-it-yourself” basis at a material cost of from 





$150 to $200, is illustrated. This protection, added to | 


that of the average house structure, is said to give 





adequate protection for most areas beyond the blast 
range of nuclear explosions. The booklet also gives 
construction details and directions for equipping fall- 
out shelters for larger numbers of persons. 
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LIGHTNING 
REFLEX AND HAIR- 


TRIGGER RELEASE... | 
END ALL IMAGE 


BLACKOUT 


With “six-gun” or 35mm 
camera . . . split-second 
reflex control at the cru- 
cial moment still remains 
the mark of the master. 


WITH THE NEW ALPA b 


The LIGHTNING Mirror Reflex system of the new ALPA b offers you 
this complete image reflex control—automatically! 


Operated by a new hair-trigger release, the LIGHTNING Reflex Mirror 
responds with ‘‘lightning’’ speed—flips up instantly without vibration, 
returns to viewing position in a blink—is instantaneously ready for 
follow-up shot. 

There’s no BLACK-OUT! You get continuous through-the-lens observa- 
tion of your ‘‘Lifesize’’ ground-glass image—through instant of actual 
exposure! Focus, depth-of-field, parallax and follow-through are com- 
pletely controlled—pictures more accurately composed. 

And with ALPA’s FINEST SWISS CHRONOMETER PRECISION ... 
PLUS the only series of EIGHT custom-ground lenses with fully AUTO- 
MATIC diaphragms from 24 to 180mm (others up to ), you’ll 
find the ALPA b the Ideal ‘‘ALL-IN-ONE”’ 35mm Camera for all your 


photographic needs! 
karl heitz 





PRICED FROM $199.00 


480 LEXINGTON AVE., NEW YORK 17 @ YUkon 6-4920 
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Electro instruments, Inc. 


for automatic testing of / 


transistors 


and capacitors 


Small E-I automatic digital systems pro- 
vide many advantages. First, they cost less. 
This is primarily the result of large-quan- 
tity manufacture of modules which make 
up the E-I system. Cost is almost a linear 
function of performance capabilities 
desired in the system. 

Second, they are exceptionally versatile. 
The E-I system can be expanded simply 
by adding appropriate modules. Typical 
systems presently in use measure resist- 
ance, capacitance, DC and AC voltages, 
DC/DC ratios, AC/DC ratios, AC/AC 
ratios and combinations of these. Meas- 
urements to four or five digits can be vis- 


resistors 





ually displayed and printed out at rates up 
to five readings per second. Operation can 
be semi- or totally automatic with go/no 
go comparison of valies and programmed 
readout at periodic intervals, Scanners can 
be provided for scanning thousands of 
single and multi-wire input channels. In 
brief, the E-I system has an extensive 
scope of operating capability. 

Third, E-I systems provide unmatched 
reliability. Where practicable, circuits are 
totally transistorized. The use of etched, 
plug-in circuit boards, and modular inter- 
nal construction make maintenance checks 
and in-plant repairs easy. 
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Typical E-1 system for evaluating components — 
includes 100 channel input signal scanner. Can digi- 
tize DC voltage, resistance, AC voltage and DC/DC 
voltage ratio analogs. Digital equivalents are recorded 
on strip printer for ‘‘quick look” data and on punch 
paper tape for additional data reduction by digital 
computer. 


Lower cost, maximum versatility and 
greater reliability—if you want these 
advantages in your component test sys- 
tem, contact your nearest E-I representa- 
tive. He can give you complete informa- 
tion or answer any specific questions you 
may have. 


3540 AERO COURT 
SAN DIEGO 11, CALIF, 
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HIGH TEMPERATURES 


Type P103 
Pressure Potentiometer 
shown % size 





New Trans-Sonics* Pressure Potentiometers, Type 
P103, measure pressures of corrosive fluids such as 
red fuming nitric acid (RFNA) and unsymmetrical 
dymethylhydrazine (UDMH) for telemetry and con- 
trol applications at ambient temperatures up to 600F. 


Corrosive fluids are contained by a welded Inconel-X 
bellows which actuates a dynamically balanced mech- 
anism. This mechanism is hermetically sealed in a 
Stainless steel case for protection against corrosion 
and other environmental hazards. 


Accurate and reliable performance has been proven 
under the following conditions typical of missile en- 
vironments: Random Gaussian Vibration 0.1g?/cps, 
15 to 2,000 cps; Acceleration 75g; Shock 75g. 


Flexibility of installation is assured by small size and 
light weight. Dimensions are 17%” diameter by 17%” 
long. Weight is only 6 ounces. Standard ranges are 
0-100 and 0-150 psia . . . other ranges to special 
order. Write for Technical Bulletin P103 to 
Trans-Sonics, Inc., Dept. 12, Burlington, Mass. 


* TRADEMARK 


Pressure Potentiometers for... 


and CORROSIVE FLUIDS 
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Electrical Latching Relay 


The standard line of Babcock Relays, Inc. prod- 
ucts, featuring crystal case relays meeting military 
specifications, has been extended by the addition of a 
new electrical latching model, BR-7A (Fig. 1). The 
model utilizes the standard BR-7 header with an 
additional set of single-pole normally-open contacts 
rated at 1 ampere inductive. This contact is arranged 
to ground one coil contact to the case when the relay 
is energized, and is intended only as a holding contact 
for coil power (Fig.2). 

Typical applications of the BR-7A latching relay 
for time delay and sequencing circuitry are shown in 
Figs. 3 and 4. Fig. 3, which shows a 26 vdc relay in a 
pulse-type latch-in circuit schematic, also can be used 
with a 400 cps relay over the 300-500 cps 115v range 
or with a 60 cps relay from 25 cps through the audio 
range. In this application, an actuating pulse applied 
to the transistor base triggers the relay into operation, 
after which the holding contact supplies current to 
hold the coil in its operated condition. In Fig. 4, a 
variable resistor R' can be adjusted to provide a drop- 
out to pull-in ratio of any desired value up to 80% 
for use in a sequencing application. 

The 60- and 400-cycle models incorporate an in- 
ternal silicon diode which enables the relay to achieve 
dc sensitivity while retaining a capability for with- 
standing high environmental stresses. However, in 
many transistorized ac applications the rectifying 
properties of the actuating circuit provide a dc input 
to the relay coil, permitting use of the de model relay. 

The BR-7A performance characteristics include vi- 
bration to 30G over 10-2000 cps on the isolated con- 
tacts as well as the holding set; shock to 50 G, 11 
millisec; life, measured by Babcock tests, is said to be 
capable of over 200,000 operations at the extremes 
of contact load (10 amperes) and temperature 
(125°C), with over 350,000 operations under full 
load at room temperature. 

Pull-in power is directly related to contact load 
ratings for each of three relay types: Type BR-7AX 
rated at 100 amps resistive has a pull-in rated at 500 
mw; BR-7AY at 5 amp resistive pulls in at 225 mw; 
and BR-7AZ rated at dry circuit to 2 amp resistive, 
operates at 150 mw pull-in. 

Applications engineers for Babcock Relays, Inc., 
1640 Monrovia Ave., Costa Mesa, Calif., welcome 
correspondence regarding specific uses for the new 
relays. Detailed specifications of all models of BR-7 
and BR-7A relays are available upon request. 
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FIG. |. ELECTRICAL LATCHING j; 
combined with sturdy operational 
characteristics in new Babcock BR. 
7A crystal case relay. 
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FIG. 2. SCHEMATIC OF BR-7A RE. 
LAY shows two heavy SPDT contacts 
and on SP normally-open holding con- 


tact which grounds one end of coil 
to relay case. 

















FIG. 3. PULSE OPERATING circuit. 
Auxiliary holding contact holds re 
lay in operated condition after pull 
in from actuating pulse applied to 
transistor base. 





FIG. 4. DROPOUT-TO-PULLIN 
Ratio is readily adjusted up to 80% 
by variable resistor arranged to shunt 
the relay coil after pull-in. 
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y 10 rue size... 


10 times THE ACCURACY 


OF STANDARD INSTRUMENTS! 


Resolution: 1 part in 10,000 
LABORATORY PRECISION for the operating plant. 
COMPATIBLE with any transducer—AC or DC. 


For strain gage, linear differential transformer, thermocouple, 
thermistor, resistance thermometer, pulse or variable fre- 
quency circuits or systems. 


@ Parabolic or logarithmic functions ore linearized for direct 
digital reading. 


@ Every scale unit is a calibrated value. 


Produced by the makers of the JETCAL® jet engine Analyzer... 
in worldwide military and airline use! 


* TRADE MARK 
i> 


Sales-Engineering Offices: 
ATLANTA, GA., COMPTON, CAL., DAYTON, OHIO, VALLEY STREAM, L.I., N.Y., 
TORONTO, ONT. (George Kelk Ltd.), MITCHAM, SURREY, ENGLAND (Bryans Aeroquipment Ltd.) 
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Full information is available for the asking! 


B&H INSTRUMENT 
Co., INC. 


3479 West Vickerv Bivd., Fort Worth 7, Texas 
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Rugged Rapid-Switching Relay 


A small hermetically-sealed 4PDT dc relay, the Couch 
type 4C (Fig. 1), is finding numerous applications 
in missile and other military systems. Featuring a ro- 
tary balanced action highly resistant to vibrations 
and shock, it combines an unusually fast contact 
transfer time with a contact structure capable of mak- 
ing and breaking currents as high as 15 amperes. 
In normal voltage-operated circuits the relay operates 
in from 8 to 10 milliseconds. Release time, with no 
external shunt impedance and nominal coil excita- 
tion, is less than 5 milliseconds. 










FIG. |. TYPE 4C RO- 
TARY RELAY can be 
furnished with the 
mounting bracket in a 
number of positions or 
omitted. 
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FIG. 2. MINIMUM LIFE values for 30VDC resistive 
load at 125°C, Couch Type 4C Rotary Relay. 


Although rated at a nominal 5 amperes resistive 
contact capacity for a long minimum life expectancy 
of 200,000 operations, up to 300% of rated contact 
load can be tolerated for a minimum of approximately 
10,000 operations, as shown by the Contact Loading— 
Life Curve (Fig. 2). 

Because of its patented rotary armature motor and 
unique contact mechanism which enables the 4C 
relay to be dynamically and statically balanced, 
it successfully withstands vibrations of 0.4” am- 
plitude from 5 to 25 cps and to 25G from 25 to 
2000 cps, without contact opening in either energized 
or de-energized states. Also, when subjected to a 
75G shock lasting a minimum of 10 milliseconds, no 
contact opening results in either state. Pull-in re- 
quires only 14 watt power at 25°C. (From 14-page 
catalog, CVE Type Relays, Couch Ordnance, Inc., 3 
Arlington St., No. Quincy 71, Mass.) 
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are you spending 


for a one cent job ? 


If you're duplicating drawing details, you're 
squandering precious hours of costly drafting 
time. STANPAT, the unique tri-acetate that is 
pre-printed with your standard and repetitive 
blueprint items, cuts time involved from 3 
hours to 15 seconds! Figured at current pay 
rates, this means a $12 job at less than one 
cent... the STANPAT way. Easily transferred 
to your tracings by an adhesive back or 
front, STANPAT relieves your engineer of 
time-consuming and tedious details, freeing 
him to concentrate on more creative work. 


$4 00 





here’s how simple the 
STANPAT method is! 








PEEL 


the STANPAT 
from its backing. 

























PLACE 


the STANPAT into 
position on the 
tracing. ; 

















into position... 
will not wrinkle 
or come off. 











STANPAT is available in two types of 
adhesive backs: 


@ Rubber base for standard drafting 
and tracing papers 
@ Resin base to event leaching for 
papers that pw oils 
But whatever the application may be, there's a 
STANPAT product for your specific needs. Stan- 
pat has a guaranteed shelf life of one year from 
date appearing on tab end. For further in- 
formation and technical assistance, complete 





the coupon below and mail 
STANPAT CO. whitestone 57,N.Y.,U.5.A 
aia ee 


(] Please quote on enclosed samples. 


[] Kindly send me STANPAT literature and 
samples. Dept. 140 
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USUAL TERMINATING 
CIRCUIT 

FIRST STAGE 

OF AMPLIFIER 





DELAY LINE }—~ 


INPUT OUTPUT 














EQUIVALENT CIRCUIT 
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INPUT OUTPUT TERMINATING CIRCUIT 


FIG. |. ULTRASONIC DELAY line with equivalent 
simplified circuit. Ry internal resistance of delay line 
as seen from terminals (megohms at dc; 5K to 50K 
at 30 mc); C, delay line capacity; S$; zero im- 
pedance constant current source; Re, 50 to 1000 
ohms; L; inductance needed to resonate C; and Co; 
Rg equivalent parallel resistance of L; at center 
frequency; Rg equivalent input resistance of tube 
at 30 mc; Ce input capacity of output amplifier or 
IF strip. 


OuTPUT 


TIME 


FIG. 2. PRECISION Miniature Range Marker Delay Line, 1000 
yd 6.1 psec. LFE No. 26224. Single-ended delay separates 
signals by 6.100 0.006 psec at 50° C, at 30 +1 me. First 
echo has bandwidth of 7 to 12 mc and attenuation of first pulse 
is 40 db max into 1000 ohms. Pulse decay of first 5 pulses is 3 
+0.5 db average. Capacity of line is 6 to 9 puf. Weight, less 


than | oz. 


TIME 


FIG. 3. PRECISION Range Marker Delay Line (Double End 
LFE No. 11510. First delay signal occurs at 3.050 psec followe 
by echoes separated by 6.1 psec. Operating frequency, 30 
mc; 7 mc bandwidth; attenuation of first pulse, 28 db into 
1000 ohms; pulse decay, | to 1.5 db average; line capacity 


15 to 20 pyf. Weight less than | oz. 


Electronics Associated with Fused Quartz 
Delay Lines And Range Markers—A Design Survey tsroretory for electronics, in 


A DELAY LINE is a device that retards or de- 
lays an electrical signal. Various types of de- 
lay lines are: Electromagnetic (lumped constant, dis- 
tributed constant), magnetostrictive, ultrasonic, etc., 
with each type having its advantages, disadvantages, 
optimum frequencies and specialized uses. This ar- 
ticle restricts itself to fused quartz delay lines; how- 
ever, the circuits discussed apply in some degree to 
other types, as basic principles for all types have much 
in common. 


Ultrasonic Delay Line Principle 


The ultrasonic delay line is based on the principle 
that sound waves travel at much slower rate than 
electric energy impulses and that an electric wave 
may be slowed if it is first converted to a sound wave. 
To transform electrical energy into sound energy, 
transducers, usually piezoelectric crystals, are used. 
Basically, the ultrasonic delay line consists of a trans- 
mitting transducer which converts electrical energy to 
acoustic waves, a delay medium through which these 
sound waves travel, and a receiving crystal which 
converts the acoustic energy back into electrical energy. 

For the most efficient operation, signals or the 
intelligence to be stored should not be applied to the 
delay line as step functions (i.e., video signals), be- 
cause the signals would usually be differentiated by the 
crystals. Therefore signals, whether pulsed or CW, are 
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usually applied as amplitude, frequency, or phase 
modulation of a carrier wave which should (for ef- 
ficient operation) have a frequency at or near the natu- 
ral frequency of the crystals. It follows that frequency 
is a prime consideration in the design of a delay line. 


Types of Ultrasonic Delay Lines 
It is difficult to differentiate sharply between vari- 
ous types of ultrasonic delay lines. Classification may 


be by: 


1) Nature of delay medium, such as fused quartz 
or mercury; 

2) Use, such as delay line proper, or range marker, 
or lock test line. 

3) Number of transducers, such as single-ended or 


double-ended. 


These classifications can be combined as follows: 


I. Delay line (proper), normally used double- 
ended. 
A. Mercury Delay Lines. 
B. Fused quartz (silica) delay lines. 
C. Other delay media, such as glass, aluminum, 
water-glycol mixture. 
II. Range Marker and Lock Test Line, normally 
~ made of fused quartz. 
A. Single-ended. 
B. Double-ended. 
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FIG. 4. QUARTZ Delay line, 500 psec, 
LFE No. 11445 Delay time 500 1.0 psec 
at 20°C operating at 30 +1 mc with 
bandwidth of 10 mc. Attenuation is 4 
db into 1000 ohms, with spurious re. 
sponse 50 db below desired signal. Ca. 
pacity 43 +3 pf, weight 2!/> lbs in 
steel case. 


HARRY H. LOCKHART 


General Performance of Fused Quartz 
Delay Lines and Range Markers 
The electronic circuits have to be designed around 
the following general parameters of fused quartz de- 
lay lines and range markers (of course, other ultra- 
sonic delay lines are not too different). 
Delay: Zero to 6000/sec. 
Carrier Frequency: 5 to over 200 mc (the longer 
the delay the lower the practical frequency). 
Attenuation: 30 to 70 db down (varies with fre- 
quency, delay and terminating load). 
Acoustic Bandwidth (3 db): 14 te 14 of the carrier 
frequency. 
Spurious signals: 20 db to 55 db down from the 
desired signal. 
Capacity: 8 to 100 ppfd. 
Input Voltage: 
Maximum: 100 to several hundred volts, rms. 
Minimum: No limit (except for amplifier noise 
considerations) . 
Linearity: Perfect for all practical applications, at 
all voltage levels. 


Delay Line Specifications 
The delay line or the range marker is generally 
used in a system where the repetition rate or the range 
is determined by some consideration having nothing 


to do with the delay line itself. The length of the line 
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FIG. 5. POWER IF AMPLIFIER. Inductances L; to 
Ls are resonant above 30 mc. Power requirements 
(B+-, 120v, 120 ma; Fil. 6.2v, 0.9 amp) exceed tube 
ratings, thus long tube life is not expected. 
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FIG. 6. LOW NOISE section of preamplifier. 


is thus already defined. System requirements also will 
place some limits on the bandwidth. 

In so far as possible these are the only commitments 
which should be placed upon the design of a delay 
line or associated circuits. With these two parameters 
fixed, it is easy to determine carrier frequency, input 
driving power level, loading, etc., for reasonable at- 
tenuation, maximum supression of spurious (un- 
wanted) signals and optimum bandwidth. Sometimes, 
however, it is necessary to call for a specific carrier 
frequency or for a maximum signal-to-spurious ratio. 
Ordinarily, these cases do not require a special delay 
line design but they emphasize that a delay line is 
best applied in a system when all circuits which are 
associated with the line are grouped and treated as a 
whole. 


Delay Line Equivalent Input Circuit 


Referring to Fig. 1 it is seen that the input of a 
delay line or of a range marker is equivalent to a 
resistance R, in parallel with a capacity C;. Admitted- 
ly, this is a somewhat simplified concept':*:* but will 
do for most cases, especially those operating around 
and below 30 megacycles. Above 30 mc lead induct- 
ances become important, while at 200 mc the electrode 
dimensions and spacing give rise to complex quantities, 
and so must be properly designed and matched to the 
input and output circuits. Therefore, when designing 
the stage that will drive the delay line, we need only 
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add the capacity and resistance of the delay line to the 
corresponding quantities inherent in the tube and 
other parts of the circuit when determining the gain 
and bandwidth obtainable. 


Delay Line Driving Circuits 

Most delay lines, especially the miniature range 
markers, can be driven by 6AK5’s. A typical miniature 
range marker is the LFE #26224, (see Fig. 2). A 
larger range marker such as the #11510 (Fig. 3) and 
a delay line such as the #11445 (Fig. 4) has more 
capacity and therefore would require a lower parallel 
resistance to obtain the same electrical bandwidth. 
Thus it may be necessary to go to a more powerful 
tube such as the 6AN5 to obtain sufficient output from 
the delay line while maintaining a sufficient band- 
width. Other tubes that have been used are the 6AH6"* 
and 61461», 

Usually the range marker or the delay*line can be 
mounted close enough to the driving circuit so that 
no cables are necessary. In that case, the only neces- 
sary components besides the tube are a coil to tune 
out (either by parallel or series connection) the 
combined delay line, tube and circuit capacities®?; 
a capacitor to couple the tube output to the delay line; 
and a resistor whose value is so chosen as to obtain 
the proper bandwidth. Should a low resistance be 
needed in order to obtain the bandwidth, or should a 
cable be needed to connect the tube to the delay line, 
a step-down transformer may be used to optimize the 
coupling of the driving stage to the load (Fig. 5). 

In this instance, a power amplifier is used to con- 
vert a few volts into five to ten volts across one hun- 
dred ohms through a step-down transformer. Note that 
using two tubes in parallel is not necessarily beneficial 
since the gain-bandwith product will remain the same 
unless the capacity of the delay line is large compared 
to the capacity of the tubes. 


Delay Line Equivalent Output Circuit 

Referring again to Fig. 1, we see that the equivalent 
circuit for the output of the delay line consists of a 
zero impedance constant current source S, in series 
with a resistance R,, these two being in parallel with 
a capacity C;. Note that C,; and R, of the output are 
usually but not necessarily the same as C; and R, of 
the input. Thus, when designing the input circuit of 
the post amplifier we need only take into account R, 
and C;, in addition to the usual components of the first 
stage of the amplifier. Thus, L; is chosen so as to 
resonate the parallel combination of C,;, C2 and the 
stray capacities. Rp is chosen to obtain the proper 
bandwidth and gain needed in the amplifier taking 
C,, C2, and the stray capacities into account. Some- 
times Re is determined by the cable connecting the 
delay line to the first stage of the amplifier. Fig. 9 
illustrates the effect that R; has on the output when R2 
is varied. 





Delay Line Output Circuits 


The attenuation introduced by the delay line re- 
quires a following amplifier. The gain of this ampli- 
fier will ordinarily be determined by system perform- 
ance. The noise figure of the amplifier will limit the 
achievable signal-to-noise ratio (not counting delay 
line spurious as noise). Thus, if the delay line has an 
insertion loss of 40 db into 1000 ohms, the post-ampli- 
fier must have a gain of 40 db in order to achieve 
the same output as the voltage that was fed into the 
delay line input. The same applies to a range marker 
except that the decay rate must also be taken into ac- 
count; thus if the range marker has an attenuation of 
30 db into 1000 ohms, and a decay rate of 1.5 db per 
pulse, should we need to have the 30th pulse at the 
same amplitude as the input to the delay line, we will 
need 30 db plus 30 x 1.5 db or a total of 75 db gain 
in the amplifier. 


The preceding applies to either a single-ended or a 
double-ended range marker. In addition, when using 
a single-ended range marker, the output circuit must 
be designed to take the full output voltage of the driver 
circuit without impairing the amplifier sensitivity— 
i.e., a fast recovery amplifier is needed. In extreme 
cases, an off-gate is applied to the post-amplifier while 
the signal is impressed across the single-ended range 
marker. 

Usually, the first tube in the amplifier is the same 
type as the remaining tubes of the IF amplifier. Quite 
often, this is a 6AK5 or its ruggedized version the 
5654. The 5654 has a good combination of gain- 
bandwidth and noise figure. Other tubes that have 
been used are 6AS6 and 6AH6". 


Low Noise Circuits 

If gain-bandwith and/or noise is important, tube 
types 6688 and 7077 (made by G. E. Receiving Tube 
Department, Owensboro, Kentucky) should be in- 
vestigated. The first stage of the amplifier as shown 
in Fig. 1 is not necessarily the best method when 
minimum noise is desired. The cascode connection 
is generally better. A compromise must generally be 
be made for Re between the value best for bandwidth, 
output, and noise. Two tubes used at present in the 
triode part of the cascode circuit are the 6J6 and 5654 
connected as a triode. The newer types 6688 and 
7077 may given even better performance. A low noise 
circuit is illustrated by Fig. 6. Grounded grid opera- 
tion of a 416B tube appears to have merit at fre- 
quencies above 100 MC*. 


Straight-thru Systems 
Several systems are described in the litera- 
ture 13, 14, 15, 16,17, For MTI operation where bipolar 
video amplitude is made proportional to phase, the 
modulator varies the bias on an amplifier in the driv- 















































FIG. 7. PULSED Oscillator-Delay Line test circuit shows oscillator 
quieting method. 


er circuit. This may permit some carrier leakage into 
the post amplifiers. Where extreme quiet is desired 
during the off time of a unipolar video (such as when 
testing a delay line for spurious signals), it is better 
to turn the oscillator on and off. One method is to 
pulse the plate of the oscillator. Another method is to 
pulse only the screen and the lower end of the grid 
leak resistors‘. . 

A third quieting method is shown in Fig. 7, V; is 
a Harris (or modified Colpitts) oscillator }® 7°. V2 
is the power amplifier. Normally the oscillator is 
kept off by a negative voltage across CR;, CRe, Li, 
and C, (the diodes thus forming a low resistance 
across the tank circuit). The oscillator is turned on 
by a positive pulse being applied at J,, thus shock- 
exciting L,; and C2 through CR, and CRz by turning 
off the current (the diodes now having high re- 
sistance). The initial sine wave is determined by the 
polarity and amplitude of the current flowing from 
B- through R,, CR,, CRo, and L. 

E = IVL/C 
where E is initial voltage of decaying sine wave pulse 
due to shock excitation, I is dc current flowing 
through the tuning inductance before the start of the 
pulse, and L & C are tank circuit values. 

The amplitude of the pulse is maintained at voltage 
E by setting Re, which controls the gain and thus 
the feedback of the oscillator (the pulse can be made 
to either increase or decay from the value E. if 
desired). 

The diodes are critical if rise time is important. 
IN34’s are usually sufficient, especially if low capacity 
is desirable; cathode followers instead of diodes may 
give faster rise time, but suffer from other imperfec- 
tions such as comparatively high capacity. 


Power amplifier V2. may consist of one tube as in 
Fig. 7 or of two tubes, as in Fig. 5. 


















































Recirculating Systems 

The delay of a delay line can be significantly in- 
creased by a factor of approximately 2 to 5 through 
recirculating techniques. Essentially, the idea is to 
take the output from the delay line, amplify, and 
reinsert it into the delay input. A fairly crude gate 
can turn off all output from the circuit until such 
time that the exact delay desired is available. Of 
course, such usage calls for low noise amplifiers and 
low spurious delay lines. The third-time, fifth-time, 
etc., spurious may have to be lower than usual, since 
it can combine with the desired output (sometimes 
disastrously ). 

The recirculating technique also can make range 
markers out of delay lines. This technique avoids 
the range marker’s rate of decay problem and ringing 
into the next pulse repetition period. 

A simple recirculating circuit is illustrated in Fig. 7. 
The two-tube amplifier makes up for the loss through 
the delay line, thus permitting an essentially flat train 
or pulses. The actual rate of decay (or of build-up) 
is controlled by the loop gain control potentiometer. 
The number of pulses is controlled by the GATE- 
IN. For example, ten pulses would appear for each 
input pulse if the delay is 61.8usec (5 miles), and 
the gate length is 50 miles. UNIVAC and SEAC Com- 
puters made use of recirculation circuits in conjunc- 
tion with mercury delay lines 1 22, 


Increasing the Delay of an Ultrasonic Delay Line 

One method of increasing the delay, in addition to 
recirculation, is to place two ultrasonic lines in 
cascade. This, of course, increases the loss, since this 
necessitates an additional conversion from electrical 
energy to ultrasonic energy and back again, besides 
the additional quartz loss. It also means a decrease in 
bandwith just as in cascaded amplifiers. 


FIG. 8. RECIRCULATING CIRCUIT (simplified) 
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FIG. 9. ATTENUATION vs FREQUENCY 


curve family. 


A third way, if the additional delay is not too great 
is to add an electromagnetic (lumped constant or dis- 
tributed constant) line immediately before or after 
the ultrasonic line, or in the middle of the amplifier. 
The electromagnetic line is operated at the same fre- 
quency as the ultrasonic line. This method is par- 
ticularly recommended where an undistorted pulse 
is required, if the additional delay is not too short. 

For very short delays, at high frequencies (above 
30 mc), and with low impedance terminations, stand- 
ard coaxial cables can be used. As an example, RG- 
8/U, RG-58/U, RG-11/U, RG-59/U, all have veloci- 
ties which are approximately 66% of the speed of 
light. Teflon dielectric miniature coaxial cables have 
a velocity factor of 71%. This method is preferred 
when matching two delay lines, or when matching 
the third harmonic operation of a line to its funda- 
mental frequency operation (see below, Decreasing 
the Delay of an Ultrasonic Line). 

For short delays (around 4 psec, or whenever dis- 
tortion and attenuation can be tolerated) combined 
with low frequencies (below 30 mc), and high im- 
pedance termination, delay coaxial cables can be 
used**®, Perhaps the best compromise between fre- 
quency and delay is still the RG-65/U made by Fed- 
eral Telephone and Radio Corporation. Some of its 
characteristics: 


Delay: 0.42 usec/ft. at 5 mc 
Delay /freq. coefficient: —0.03%/mc 
Termination: 950 ohms 

14 db./100 ft. at 5 mc 
22 db./100 ft. at 10 mc 
40 db./100 ft. at 30 mc 


Short, variable electromagnetic delay lines (0 to 
1 psec) are useful up to around 30 mc. Some general 
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0 to 4 psec 
200 ohms 


Delay : 


Termination: 





7 Attenuation: 0.4 db./0.1 psec at 5 me 
= 0.6 db./0.1 psec at 10 mc 
1 db./0.1 psec at 15 me 
cisval@ ff If the required additional delay is quite long, it 
00 OMM8 Hrobably is best inserted into the video portion of the 
gstem. Several such video delay lines are on the 
matket. For designing such lines oneself, several pro- 
edures are available 2* 25-26, An illustration of the 
yse of such a line in combination with a mercury line 
| and a recirculating circuit is given in reference”. 
"NATION A fourth method is to change the frequency, as 
STANCE 


0 OHMs [described under Decreasing the Delay (below). 


5 Decreasing the Delay of an 
Ultrasonic Delay Line 
Advantage is taken of the fact that sound velocity 
through fused quartz increases (approaching the bulk 
velocity) with the thickness of the medium and the 
requency of the sound***°, This change is not great 
for the usual delay line; it is of the order of 0.01% 


VENCY 


e or a change in frequency from 20 mc to 60 mc and 
Os Lt 0.05% from 10 mc to 30 mc. The change can be 
after made greater by using thinner-than-usual quartz 
7 blanks. 


It will be noted that the above frequency changes are 

Par fin the ratio 1 to 3. This is to permit switching from 
putes the fundamental frequency of the delay line to its 
3rd harmonic (its second harmonic operation, unlike 
bove fruned LC’s, results in zero output). The driver and 
‘and- output stages must be designed to operate at their 
fundamental and 3rd harmonic frequencies, and also 
loci- 4) make up for an approximate 15 db loss through 
d of fithe line in going from the fundamental to the 3rd 
have harmonic. This problem is often by-passed by having 
rred fiwo drivers and two output circuits connected to the 
hing fisame delay line, but with the two circuits being iso- 
inda- filated from each other by having the transducers con- 
ising nected through series filters or tuned circuits®. 
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The advent of the much smaller ‘“Tinylite” style lamps opens 
up many new possibilities for miniaturizing all kinds of devices 
—dial lighting, instrument indicators, scale lighting on transistor 
radios, toys and novelties are a few examples. 

DRAKE now offers a series of ‘“Tinylite”’ Midget Screw 
Lampholders only 1/5 as large as standard units (with lamp 
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Assemblies, the smallest available Indicator Lights with replace- 
able lamp and completely insulated from housing, supplied 
either with plastic dome lens or flat cap, lettered or numbered, 
and complete with lamp. : 

Investigate the many possibilities with these skilfully engi- 
neered subminiature units, which can save you both space and 
money. 
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the whole bill. You get same-day shipment (fastest 
service in electronic supply) and you buy at factory 
prices. Send today for your FREE 1960 ALLIED Cat- 
alog—your one-source electronic supply guide. 
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FIG. |. COMPONENT PARTS of Magnetic-Latch- 
ing High Speed Relay. 


CR2791K110 relay make it ideal for airborne 
and other military applications where a high-speed 
and/or polarized relay is required. Not only is the 
relay extremely fast operating, in the range of 200 
psec to 1 msec, but contact bounce is remarkably low, 
in most cases absent. 

This relay is of the latching type, which makes one 
contact in response to a coil energizing current of 
positive polarity but remains closed even when that 
current is interrupted. It will then respond only to a 
current pulse of negative polarity, when the common 
contact swings to the alternate contact and again 
latches. There is no center “off” position. 

Fig. 1 indicates the various parts of the high-speed 
relay. The design element shown is the SPDT unit. 
Multipole units are constructed by using two or more 
such units with coils wired in parallel. Up to four 
SPDT units can be packaged in the standard en- 
closure. 


ee small size and light weight of the G-E 


Operation 

The armature serves as the moveable contact. It is 
made of iron, since it is part of the magnetic circuit, 
and is silver plated to provide low contact noise and 
resistance. The force holding it in place is provided 
by the Alnico polarizing magnet. This force is several 
hundred times as large as the weight of the armature. 

Pole pieces also serve as stationary contacts. They, 
also, are of iron since they are part of the magnetic 
circuit, and are silver plated to give better contact 
surfaces. Pole pieces are insulated from the magnet as 
explained below. 
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FIG. 2, COMMUTATOR driving circuit for relay. 


The contact circuit is made through the pole piece, 
armature, Alnico magnet, and out through the magnet. 
Thus, the magnet is “hot” and must be insulated from 
the pole pieces and the enclosure. 

The Alnico magnet provides “polarization” so that 
the armature stays where thrown without being held 
there by the coil. This has the advantage of a holding 
force with zero coil current. If the high actuating 
current necessary for high-speed operation were main- 
tained continuously, a reasonable size coil would 
overheat and the power demand would be excessive. 

High-speed operation is obtained by applying high- 
current short-duration pulses of the proper polarity to 
the coil. This requires a “tailor-made” driving circuit 
to supply the proper polarity pulses at the proper 
time. Repetition rate must be low enough to not over- 
heat the coils. Continuous power rating of a single 
coil is 300 milliwatts. 


Sensitivity, Speed, Repetition Rate 


Power required to operate the relay cannot be 
readily defined since other considerations are in- 
volved. Principal factors are type of driving circuit 
and desired operating time. 

In general, any circuit providing voltages of both 
positive and negative polarity can be used to operate 
the relay. 

Two examples are; one, a commutator-type circuit 
(such as might be used in a system with a rotating 
element, i.e.. a radar antenna); and the other. a 
transistor circuit using a square-wave input (see Figs. 
2 and 3). 


For example. suppose the relay is being driven by 
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FIG. 3. TRANSISTOR driving circuit. 





HIGH-SPEED MAGNETIC-LATCHING RELAY 


the circuit shown in Fig. 2. Assume the following | 
values: 

E = 24 volts 

R coil = 15 ohms (4SPDT elements with 60 ohms 
coils in parallel) 

R circuit—20 ohms 

R total—35 ohms 

L=6 millihenries (4 coils in parallel) 

C = 10 microfarads 

These values will theoretically give a pulse as shown 
in Fig. 4 and with a relay with standard adjustment, | 
will give initial operation in about 150 microseconds. | 

The actual coil-current pulse will differ somewhat 
from the theoretical value due to changing inductance 
of the complete magnetic circuit, but the values are 
representative. 


The equation of this circuit is: 
E =LdI/dt+ RI+1/C f Idt 
The solution for I will assume three forms depend- 
ing on whether the circuit is under-damped, critically 
damped, or over-damped. If the fastest operating time 
is desired, it is necessary to have the fastest possible 
coil-current rise which can be obtained. The fastest 
coil-current rise will occur when the circuit is under- 
damped, hence, the above values are chosen to give an 
under-damped pulse. The negative current overshoot | 
must be limited, however, in order to prevent reverse 
operation of contacts by the overshoot current. 
For the under-damped case the solution for I is 
I = E/(mL sin mte—") 
Where m? = 1/(LC — R°4L?) 
n= R/2L 


Resulting current pulse is shown in Fig. 4. Note 
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FIG. 4. CHARACTERISTICS of driving current 
pulse. 

that operation occurs relatively early during the pulse. 
The remainder of the pulse gives a high-holding force 


'§ which minimizes the bounce since it tends to hold the 


armature in place during time when bounce would 
normally occur. 

Peak current through a single coil during the pulse 
is approximately 0.11 amps at 28 volts. Peak power 
being dissipated is about 720 milliwatts per coil. How- 
ever, a single coil can dissipate only about 300 milli- 
watts continuously. Obviously, this peak current can- 
not be applied continuously. 

Total power applied during the pulse is approxi- 
mately .00066 watt seconds. The pulse duration (neg- 
lecting overshoot) is 1.1 milliseconds. Hence, the aver- 
age power during the pulse is about 500 milli- 
watts—still more than the thermal capacity of the coil. 
(From 24-page 1959-60 Sealed Relay Catalog Bulletin 
GEA-6628, General Electric Company, Schenectady, 
N. Y.) 
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SPACE TECHNOLOGY, edited by Howard Seifert. 
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Sistor circuits. 
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EXCLUSIVE TUNG-SOL CONSTRUCTION 


MEANS NEW STANDARDS OF TRANSISTOR 
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EXCLUSIVE TUNG-SOL 
“THERMAL BOND” 


With “Thermal Bond”, the transistor 
junction tab is securely joined to 
the base plate of the transistor. The 
bonding material provides complete 
electrical insulation, while increasing 
heat dissipation. 

TO-5 INDEX TAB 


. Withstands 20,000 G centrifuge. 
. Exceeds all MIL environmental specs—shock—vibration 
—salt spray—centrifuge—moisture resistance, etc. 
- Excellent current gain linearity (low beta fall-off). 
. Thermal resistance derating is lowest for electrically in- 
sulated devices (.350° CimW, typical). 
. Sensibly priced. 
Immediate availability 
Certainly, more information is available. Write: 
Tung-Sol Electric Inc., Newark 4, New Jersey 


From Tung-Sol, empire of the Cold Weld Seal, comes a 
new design approach to greater mechanical reliability in 
computer switch transistors. 

2N1313 (TS1000) is a PNP germanium alloy junction 
transistor which is designed for use in high current, hi 
speed switching applications. This new transistor provides 
an ideal balance of the most wanted characteristics as re- 
vealed by survey of computer designers. 
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FIG. |. BASIC Magnetostrictive Delay Line. 
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Design of Magnetostrictive Delay Lines 


ARTHUR ROTHBART, Sr. Proj. Eng. 


Avionic Systems Div. 


STEPHEN J. MEYERS, Engineer 
Missiles & Space Systems Div. 


| T T Laboratories, A Division of |. T. & T. Corporation 


EMORY DEVICES having the ability to delay 
Me store information in pulse form are fre- 
quently needed in modern electronic military and 
commercial applications including digital computers, 
radar, aerial navigation and nuclear research. Purely 
electrical devices are practical only for short delays, 
because of the long paths required at the high velocity 
of electrical propagation. Ultrasonic delay lines, such 
as magnetostrictive delay lines, can be economically 
built in a smaller volume for a given time delay be- 
cause of a lower velocity of mechanical propagation. 
Furthermore, the bandwidth limitations and inherent 
lossiness of electrical delay lines cause the pulse rise 
time and attenuation to increase with time delay. In 
an ultrasonic delay line the high Q of the mechanical 
transmission medium insures that the pulse rise time 
and attenuation are, for many applications, virtually 
independent of the delay line length. 


Theory of Ideal Magnetostrictive Line 

The basic magnetostrictive delay line is shown in 
Fig. 1. It consists of a length of magnetostrictive rod, 
of a material such as nickel, with two coils placed on 
the rod and separated by a distance, d. Polarizing 
magnets are used to provide a static magnetic field 
which links each coil with that section of the rod 
underneath the coil. An electrical pulse of current is 
fed into the transmitter coil and causes the portion of 
the rod within the coil to contract suddenly. The con- 
traction propagates a mechanical pulse longitudinally 
down the rod in both directions. If the line is proper- 
ly terminated or dampened at its ends, there will be 
no pulses reflected from the ends of the rod. 
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As the mechanical pulse traveling down the rod 
from the transmitter coil passes underneath the re- 
ceiver coil, it will cause the portion of the rod under- 
neath the coil to change its longitudinal dimension, 
thereby changing the permeability of the nickel and 
the resultant magnitude of the flux linking the coil 
and the rod. The changing flux will then generate a 
voltage across the receiver coil. The time delay of 
transmission is equal to d/V, where V, is the velocity 
of sound in the nickel. This velocity is approximately 
equal to 5 x 10° cm/sec per second or 0.2” usec. 


Two general principles of magnetostriction govern 
the action of a magnetostrictive delay line. The first 
principle, which is employed by the transmitter trans- 
ducer and is called the Joule effect, states that certain 
magnetic materials exhibit change in length upon 
application of a magnetizing field along the longi- 
tudinal axis of the material. For example, a nickel 
wire or rod will contract when magnetized and is 
therefore said to possess a negative factor of magneto- 
striction. 


The second principle of magnetostriction, which is 
employed by the receiving transducer and is called 
the Villari effect, states that a stress applied to certain 
magnetic materials produces a change in their mag- 
netic permeability. If a polarizing magnetic field is 
applied to the material, then the change in permeabil- 
ity may be detected by the change in magnitude of 
the magnetic field. If it is assumed that the line con- 
sists of nickel wires sufficiently fine so that eddy cur- 
rents can be neglected, the change in length of the 
nickel will be proportional to and in phase with the 
magnetomotive force applied to the transmitter. 


In attempting to analyze the physical principles 
which govern the phenomenon of pulse transmission 
along the magnetostrictive delay line, it is helpful to 
draw an analogy between the behavior of the mag. 
netostrictive delay line and that of an electrical delay 
line. The following list of analogous electrical and 
mechanical quantities and physical laws are applicable 
to the comparison: 








Quantities 
Electrical Mechanical 
Quantity Symbol Quantity Symbol 
Charge q isanalogousto Displacement x 
Voltage e isanalogousto Force fm 
Current i isanalogousto Velocity Vm 
Inductance L is analogousto Mass oa M 
Resistance R. isanalogousto Resistance (friction) R, 
Capacitance C,. isanalogousto Compliance G 
Physical Laws 

e = iR. is analogous to fm = VaRm 

q = C.e is analogousto x = Cafm 

i = dq/dt is analogous to vm = dx/dt 

e=Ldi/dt isanalogousto f= M dvm/dt 


When one speaks of electrical transmission along 
the electrical delay line, one says that a voltage or 
current waveform is traveling down the line. If the 
line is properly terminated in its characteristic im- 
pedance, R,, then 

e (t—d/V,) = i (t—d/V,.) R, 
where 

i (t—d/V,) is the traveling current signal 
and 


zr, = V L,/C, 
where 
L, = inductance/cm. 
C, = capacity/cm. 
d = distance from reference point 


V. = V 1/L.C, = velocity of electrical transmission 

in cm/sec. 

Likewise, when one speaks of mechanical trans- 
mission along a mechanical delay line, one can say 
that a force or velocity waveform is traveling down 
the line. If the mechanical line is also terminated in 
its characteristic inpedance, R,, by proper damping, 
then the traveling force signal is 

fm (t—d/V,) = vm (t—d/V.) R. 
where 

Vm (t—d/V,) is the traveling velocity signal 
and 


R, —_ V M./ es 


where 
M, = mass (grams) /cm. 
Cno = compliance (cm/dyne) /cm 
1 
Vv. = VM.Gay = velocityof mechanical transmission 


in cm/sec. 
Ideal Line Characteristics 
An ideal magnetostrictive delay line should have 
the following characteristics: 
1. The line material should be properly laminated 
so that the magnetic flux function is linear with re 
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spect to the input current function (eddy currents can 
be neglected) . 

2. The magnetic flux amplitude should be of con- 
stant value over the transducer length (flux fringing 
can be neglected). 

3. The delay line should be lossless and properly 
terminated so that the propagated mechanical pulse 
is identical in amplitude and waveform at any point 
between the transmitter and the receiver coils. 

When a step function of current (Fig. 2a) is ap- 
plied to the transmitter coil of the delay line, a unit 
mechanical impulse (Fig. 2b) is produced at each 
point along the transducer length 1, (Fig. 1). These 
unit impulses can then be summed up along the di- 
rection of propagation to form the complete velocity 
pulse (Fig. 2c), which is a rectangular pulse with a 
width equal to the time of propagation 1,/V, through 
the transducer. 

The pulse passes along the delay line through the 
nickel wire and under the receiver coil, where it 
changes the reluctance of the receiver magnetic circuit 
and generates a triangular magnetic flux function 
(Fig. 2d). The baseline of the triangular function has 
a width equal to the total time of propagation through 
both transducers. The flux function then produces 
the output voltage pulse (Fig. 2e), which is a rectangu- 
lar doublet. 

Fig. 3 shows the delay line waveforms for a rec- 
tangular input current pulse of width greater than 
twice the time of propagation through each of a pair 
of identical transducers. The output voltage pulse con- 
sists of a pair of doublets with reversed phase. 

Fig. 4 shows the delay waveforms for a rectangular 
input current pulse of width equal to +r, the time of 
propagation through each of a pair of identical trans- 
ducers. It is this condition of operation which permits 
the greatest number of pulses to be stacked together 
in a given length of line without loss of resolution. 
The output voltage pulse is formed by an overlap of 
the output doublets of Fig. 3. The center section of 
this waveform is out of in phase with the end sections 
and has twice their amplitude. It is this center portion 
which is amplified and shaped for use in a digital 
storage loop. 


Characteristics of Actual Lines 

In practical delay line operation, where the effects 
of flux fringing at the transducer ends cannot be 
neglected and the input current pulse has a limited 
bandwidth, the waveforms of Fig. 4 will appear as in 
Fig. 5. The velocity function appears to be a dif- 
ferentiated form of the input current pulse and the 
output voltage pulse appears to be a differentiated 
form of the velocity function. Thus, the output voltage 
pulse appears to be a doubly differentiated representa- 
tion of the input current pulse. 

Using nickel wire it is possible to obtain time de- 
lays of the order of five microseconds per inch. Since 
it is possible to shape the wire in a spiral configura- 
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FIG. 3. WIDE INPUT PULSE in ideal Magnetostric- 
tive Delay Line produces output pair of doublets 
with reversed phase. 











tion, time delays of the order of hundreds of micro- 
seconds are obtainable from a delay line occupying 
a relatively small volume. 

The maximum repetition rate of a delay line is 
determined by how closely adjacent output pulses can 
be stacked together without loss of resolution. For a 
0.5 microsecond input pulse, the maximum pulse 
repetition rate is 1 megacycle. Regardless of the pulse 
repetition rate, the optimum width of the input cur- 
rent pulse is equal to one-half the period of repetition. 
Magnetostrictive delay lines have been developed in 
the laboratory that will work at pulse repetition rates 
up to 5 megacycles'. These delay lines employ nickel 
wire of approximately two mils in diameter and 
solenoidal coils 16 mils long and 10 mils in diameter. 
This is exceptionally fine wire and exceptionally small 
transducer size. 

The choice of the waveform of the input current 
pulse hinges on two factors: (1) Signal/noise ratio; 
(2) required driving power. When a magnetostrictive 
delay line is used to store either analog or digital data, 
the rise time of the output pulse is of particular im- 
portance. The sharper the rise time, the less effect 
will noise originating on the line have on the output 
signal-to-noise ratio of the recovered pulse. However, 
the sharper the rise time, the more average power is 
necessary to drive a pulse of the same peak amplitude 
through the line and its associated electronic circuitry. 
The sharpest rise time will be obtained from a rec- 
tangular input pulse and the least average power will 
be obtained from a triangular input pulse. It is there- 
fore desirable to compromise between these two types 
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FIG. 4. RECTANGULAR INPUT of same width of 
delay in either transducer. Provides greatest num- 
ber of pulses to be stacked in delay without loss of 
resolution. 
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FIG. 5. PRACTICAL DELAY waveforms show 
doubly differentiated representation of input pulse. 
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FIG. 6. CIRCULATING Delay Line Loop for long 
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Speciiy 


BREEZE SLIP RINGS 


For military or other critical uses, 
Breeze Slip Rings are custom de- 
signed and built to “perfectionist” 
standards. They offer high perform- 
ance in the most exacting service. 


From 2-ring to 500-ring assemblies 

. . currents as high as 350 amps 
continuous at 220 volts and 700 
amps overload at 220 volts. Special 
high voltage designs . . . radio 
frequency assemblies ... high speed 
rotation for thermocouple and 
strain gage applications. Also seg- 
mented ring assemblies for ac- 
curate sequencing and timing. 
Consult us or write for literature. 


of waveform, and this is done by selecting an input 
pulse of trapezoidal shape. 


Fields of Application 

Magnetostrictive delay lines have found application 
in the field of aerial navigation, digital computers, 
radar, and correlation techniques. In one aerial naviga- 
tion system, the altitude of a cooperating aircraft is 
transmitted to the ground station by the use of a 
group of pulses arranged in code and transmitted by 
the aircraft in reply to a ground radar challenging 
pulse. The pulse group is decoded by delaying the in- 
coming pulses in a network and comparing the de- 
layed signals to the undelayed signals by the use of 
coincidence recognition and gating circuits. The 
magnitudes of the delays to be encountered run as 
high as 150 microseconds and may vary continuously. 
The pulses entering the decoding equipment are in 
a sense random, since the information being relayed 
by the given aircraft and the position of the aircraft 
are continuously varying in an indefinite pattern. The 
problem is further complicated by the fact that the 
pulses from many other aircraft may be present in 
the system at the same time. The presence of many 
pulses in the system precludes the use of vacuum tube 
delay circuits, and the long delay times required make 
the use of electromagnetic lumped-constant delay lines 
prohibitive in size and cost. The magnetostrictive de- 
lay line thus seems especially attractive for this ap- 
plication. 

Magnetostrictive delay lines may also be applied in 
the field of radar. Where accurate time delays are re- 
quired, the phantastron has been used almost exclu- 
sively. However, this type of circuit has limitations in 
regard to linearity, jitter, accuracy, and temperature 
dependence. Replacing the phantastron by mag- 





METAL FILM RESISTORS 


NEW! This precision low noise 
metal film resistor meets and ex. 
ceeds requirements with temper- 
ature coefficient of plus or mi- 
nus 50 ppm/*C independent of 
resistance value. Standard tol- 
erance plus or minus | per 
cent. Type WHM-1.125" long 
x .406" diam.—is equivalent 
to MIL Style RN 75, maxi- 
mum voltage rating 500V. 
Type WFH-.781" long x 
250" diam.—equivalent to 
MIL Style RN 70, maxi- 
mum voltage rating 350V. 
Enclosed in specially 
pene yt hermetically 
sealed plastic casing 
(patent pending) to 
protect precision re- 
sistor element. 


Specialists in manufacturing quality resistors: Precision % 
Wire Wound — High Voltage — High Megohm — High 
Frequency. Our test equipment and standards for % 
checking and calibrating are matched only by leading : 
laboratories. Write for more information. 
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netostrictive delay lines will result in a marked im- 
provement of performance. For example, in radar 
target generation, conversion of shaft position to time 
delay must be accomplished with extreme accuracy. 
In this case, the use of a continuously variable mag- 
netostrictive delay line is highly desirable, since either 
the input or output coil can be directly positioned 
along the line by a rotating shaft. 

Another digital application is illustrated by Fig. 
6. The input pulses to be stored are fed to the loop 
through an “OR” gate and then pass through the 
driver “AND” gate, where they are strobed by the 
clock pulses. The pulsed output of the “AND” gate is 
fed to the driver, which energizes the magnetostrictive 
delay line. The delayed pulses appear at the receiver 
coil and are amplified to approximately the same level 
as the input pulses. These delayed pulses are then fed 
back through the feedback “AND” gate into the input 
“OR” gate for recirculation through the delay line. 
This process of recirculation is repeated until the 
feedback path is broken by the absence of a “circulate” 
enable in the feedback “AND” gate. Readout is ac- 
complished by applying an enable to the readout gate. 





BREEZE G3 
CORPORATIONS, INC. 
700 LIBERTY AVE., UNION, N. J. 


Type H. For electrometer circuits, 

radiation equipment and as high re- 

sistance standards. Resistance avail- 
able to 100 million megohms. Volt- 
age rating to 15,000 volts. Low 
temperature and voltage coef- 
ficient. Seven sizes, from %" to 
3" long, of which 2 meet re- 
quirements of MIL-R-14293A. 
Standard resistance tolerance 
— Tolerance of 5% and 
3% available. Also matched 
pairs with 2% tolerance. 


HOISTS + TRANSMISSIONS + GENERATORS STARTERS 
SLIP RINGS + HOSE CLAMPS + HITEMP FLEXIBLE TUBING 


BREEZE PRODUCTS: ACTUATORS - 
STARTER GENERATORS + BELLOWS - 


CIRCLE 16 ON READER-SERVICE CARD 
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Model: 50 60 70 
Type: Germanium Germanium Silicon 
Temperature Range: | —55° C, to +85°C | —55°C to +90°C| —55° C to 

+ 130° C 
Sq. Wave Drive Volt.:| 1 to 10v. p-p 1 to 15 v. p-p 5 to 20 v. p-p 
DC Input Voltage: to 12v to 15v to 20 v 
Chopping Freq.: DC to 100 kcps DC to 100 kcps DC to 200 kcps 
Alpha Cutoff Freq.: | 900 kilocycles One megacycle 5 megacycles 
Temperature Drift: | 04% per °C 02% per °C 03% per °C 
Random Noise: 25uv rms 10uv rms 50uv rms 
Weight: 3 grams 1 gram 2 grams 
DESCRIPTION 


The transistor chopper (or modulator) is a solidly encapsuled unit designed to alter- 
nately connect and disconnect a load from a signal source. It may also be used as a 
demodulator to convert an a.c. signal to d.c. It is capable of linearly switching or 
chopping voltages over a wide dynamic range which extends down to a fraction of a 
millivolt and up to 10 volts. Unlike mechanical choppers which can only be designed 
to operate over a narrow and comparatively low frequency range due to mechanical 
limitations, this transistorized chopper is an inertialess device that can be driven from 
d.c. to hundreds of kilocycles. 

The switching circuitry used operates the transistors in a manner which provides 
stability and freedom from drift over a wide temperature range. Only carefully selected 
transistors are utilized. 

The noise figure of the transistor chopper is competitive with mechanical choppers for 
many uses. Furthermore, the noise level will not increase with usage. 

This unit is practically immune to the effects of shock and vibration making it ideal 
for military, missile, and portable applications; or where power conservation, miniaturi- 
zation and elimination or maintenance are a necessity. The transistor chopper has an 
inherently long life and is not subject to contact bounce, wear, pitting or burning. 





TYPICAL APPLICATIONS 


Chopper (modulator). 

Demodulator. 

low, medium level switching. 

D.C. amplifier stabilization. 

High speed servomechanisms. 

Replace less sensitive diode modulators. 
Thermocouple instrumentation. 

low, medium level D.C. instruments. 


Low level commutators for telemetering. 
Carrier for lower frequency signals. 
Digital meters. 

Portable equipment. 

Low power source equipment. 
Minimum maintenance equipment. 
Multiplex switching equipment. 
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In the application involving correlation techniques, 
it is desired to obtain an adjustable time delay for an 
analog wave-form or function of time having a limited 
bandwidth. With proper design a linear relationship 
can be obtained between the peak amplitude of an 
input current pulse and an output voltage pulse from 
a magnetostrictive delay line, over a large dynamic 
range. If one varies the peak amplitude of a train of 
input carrier pulses, a time-delayed similar variation 
will result at the output train of carrier pulses. By re- 
moving the modulated envelope of the output pulse 
train by detection and suitable filtering, one can ob- 
tain a time-delayed replica of the input signal. Thus, a 
system of pulse amplitude modulation can be used 
with a magnetostrictive delay line to obtain the delay 
of an analog signal which is a general function of time. 
If the input analog signal is f(t), the delayed output 


signal is f(t — t,), where t, is the time delay of the 
line. ’ 





‘Williams, R. C., “Theory of Magnetostrictive Delay 
Lines for Pulse and Continuous Wave Transmission,” 
Transactions of the IRE Professional Group on Ultra- 
sonics Engineering, PGUE-7, February 1959, p-16. 


Negative-G Centrifuge 


The environmental influence of negative gravity on 
aircraft and missile components can now be deter- 


mined on a new Genisco centrifuge, designated Model 
A902. 





The new centrifuge uses two outboard rotating 
tables mounted on a boom. One table is spun by an 
independent, separately-controlled power source at 
0 to 1800 rpm to produce a sinusoidal “G” field for 
testing accelerometer-type components. This table 
also may be spatially oriented while the boom is 
rotating. 

The opposite table is actuated electro-pneumatically. 
In it, components may be tested on one axis and then 
the table rapidly accelerated +90° to generate a high 
acceleration ramp function. The speed of the main 
arm is remotely controlled through an electro-hy- 
draulic servo system and may be brought to a full 
stop from 340 rpm in less than one second. 

Complete specifications will be furnished on re- 
quest by the manufacturer, Genisco, Inc., 2233 Federal 
Ave., Los Angeles 64, Calif. 
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MEPCO RESISTORS 


RIGHT 

AT 
HOME... 
ANYWHERE! 


If the equipment that you 
manufacture must maintain 
its accuracy in any environ- 
ment, the resistors you use 
must be reliable. MEPCO 
manufactures seven axial 
lead styles to MIL-R-9444 
(USAF) AFRT 10 thru 16 
that meet these requirements. 


Complete test data available. 
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FIG. 2. SOLID CURVE represents calculated variation in velocity of propagation of a transverse wave 
in a polygonal fused quartz delayline shown as a function of frequency and thickness for relatively 
long delays. Circles show agreement of experimental readings taken on a 3570 usec delay line, 0.287" 
thick, at frequencies of 9, 15 and 20 mc. 
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FIG. |. PLANE SHEAR WAVE traveling in 
i was D a quartz blank. Reflected ray BHC must 


HAI have the same phase at point C as ra 
J GHI from the same wave front but whic 
& G has not been reflected. 


, es QUARTZ DELAY lines are used in spe- 


cific applications requiring very accurate delay 
times the problem of the variation of delay with fre- 
quency becomes important. In precise multi-channel 
applications it is necessary to know the difference in 
delay between channels and in a single channel ap- 
plication one must know the absolute delay of any 
side band frequency of the modulated carrier. 

This article presents a simple geometric analysis of 
why a variation of delay with frequency exists and 
a formula is derived from which values may be calcu- 
lated. 

Referring to Fig. 1, let us assume that a plane 
shear wave whose particle motion is in the plane of 
the paper, travels to the right in a plate of fused 
quartz having a thickness, T, equal to the distance 
BF, and assumed to be very wide in the direction 
normal to the plane of the paper. 

It is obviously possible for this wave to travel in a 
direction parallel to the plate. However, for long de- 
lays (large distances from input to output transducers) 
only a very small amount of the transmitted energy 
would arrive at the output transducer without being 
reflected from the major faces. There are two reasons 
for this. In the first place, in view of the directivity 
of the transmitter, the angle subtended by the re- 
ceiver is small. In the second place, a plane shear 
wave cannot travel at true shear velocity parallel 
to and in close proximity to a solid-air boundary since 
boundary requirements of zero stress will not be satis- 
fied. This condition would further limit the amount 
of energy received without reflection. 

Let us now consider a wave front traveling at an 
angle @ to the surface of the blank and being reflected 
alternately from the two major surfaces of the plate. In 
other words, one ray of this wave would follow a path 
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nd|Blank Thickness In Quartz Ultrasonic Delay Lines 
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ABCD. In order for this wave to travel continuously 
down the blank in this manner, it is required that the 
phase at Point I of a second ray GHI (from the same 
wave front but which has not been reflected) be the 
same as the phase at the point C of the ray ABCD 
(which has undergone the two reflections shown at B 
and C). This means that the distance GHI differs from 
the distance BHC plus the distance equivalent to the 
phase shift at the reflection points B and C, by an in- 
tegral number of wavelengths. This may be expressed 
as follows: 


Distance GHI + N A = distance BHC + 
A 
2X ¢(4) X — (1) 


7 


V 
where \ = —~— 


= transverse velocity 

f = frequency 

¢(0) = phase shift at reflection! points 
in radians. 

a — 6.26, approximately, for 
small values of 6 at fused quartz 
—air boundary 

The distance BHC = T cosec@ 


The distance GHI = BE = BC cos 26 

= T cosec 6 (1 — 2 sin? @) 

= T cosec 6 — 2T sin 0 
Substituting these values into equation (1), dividing 
through by A, and letting sin @ = @ (for small values of 
9). we arrive at the following allowed values for 6: 








‘= =: radians (2) 
2T 6.2 
A T 


If now we study the phase of the upward going ray, 
GHI, and the downward going ray, BHC, at the point, 
H. where they cross, we find that for odd values of N, 
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the two rays are 180° out of phase so that they would 
cancel at the center of the output transducer. 

With the additional requirement that the two rays 
are in phase at point, H, we now have the allowed 
angles given as: 








2N — 1 
= when N = 1,2,3 etc. (3) 
2T 6.2 
A 7 


Referring again to Fig. 1, the effective velocity of 
propagation of the wave down the delay line could be 
represented by the following equation: 

Propagation Velocity, V = 


Horizontal distance (JH) 


( travel time along ) ( time equivalent of 
d 











path JBH phase shift at 
reflection point B 
2 (BH) cosé 
2 (BH) 6.26 
+ 
Vi Qrf 
Vi cos 6 





= (4) 
1 + 62 V; Osin 6/2x f T 
The quantity ~ in the approximate expression for the 
phase shift is assumed not to represent a real time 
delay but a phase reversal. 


A plot of the propagation velocity per equation 
(4) for the mode of propagation represented by N = 1 
in equation (3) against the frequency times blank 
thickness is shown in Fig. 2. Delay readings were taken 
on a 3570 microsecond delay line 0.287 inches thick at 


1Arenberg, D. L. Radiation Laboratory Report No. 932, “Super- 
sonic delay lines.” The approximate formula given was de- 
rived from the phase shift curve given on Figure 16 of this 
report, 


9 mc, 15 mc and 20 mc. The velocity variations repre- 
sented by these readings are also plotted on the curve 


showing the agreement of the experimental points to 
the derived curve. 

As an example of the use of the curve in Fig. 2 for 
the calculation of the differences in delay encountered 
in a single or multichannel system, let us assume a sys- 
tem is designed to employ a single delay line with a 
nominal delay of 2780 microseconds to delay two 
channels: Channel A at 17.5 megacycles and channel 
B at 22.5 megacycles. 

If the delay line blank is ground to a thickness 0.375 
inches, the ff product for channel A is 8.44 and for 
channel B is 6.56 giving effective velocities respectively 
of 41 and 73 parts per million less than true shear 
velocity. The difference in propagation velocity be- 
tween channel A and B is then 32 parts per million. 
Since the physical length of the delay path is identical 
for the two channels, the difference in delay is likewise 
32 p.p.m. or 0.089 microseconds. If the line was trim- 
med to give an exact delay of 2780.000 microseconds 
at some operating temperature for channel A, channel 
B would then have a delay of 2779.911 microseconds 
at the same operating temperature. 


If similar calculations are made for blank thicknesses 
of 0.25 and 0.50 inches, the delay difference between 
channel A and B becomes 0.175 and 0.044 micro- 
seconds respectively. 


In conclusion the blank thickness of a fused quartz 
delay line must be taken into account if small delay 
differences are important in the system design. An ad- 
ditional consideration is that the cost and weight of the 
fused quartz are a large factor in the cost and weight 
of the complete delay line package so that from this 
point of view it is desirable to keep the blank thick- 
ness to a minimum. 
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FIG. 1. MTI (Moving Target Indication) suppresses 
stationary echoes by delay line cancellation using 
substractive feedforward process. 
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FIG. 2. INTEGRATOR circuit provides signal-to- 
noise ratio improvement to increase target detecta- 
bility and to suppress interference from other 
radars. 


N THE MINDS of many, military data process- 
I ing implies large scale digital computers, either 
with a special purpose design, or of a general pur- 
pose design programmed for a particular application. 
A radar data-take-off capable of automatic target 
detection and automatic measurement of the target 
coordinates is a good example of a large scale fixed 
program digital processor. Recent examples of this 
equipment have contained many thousands of active 
elements and can easily occupy several tons of relay 
racks. 

Such complexity, however, is not inherent in mili- 
tary data processing, nor is it required. Judicious 
use of analog techniques for particular applications 
can frequently lead to considerable simplification in 
equipment, and often to increased accuracy of meas- 
urement, by the postponement or elimination of quan- 
tization noise. 

In this article we will examine a family of analog 
data processing techniques which are based on delay 
lines. The delay lines have usually used (but are not 
necessarily restricted to) fused quartz as an acoustic 
medium. 

The family has evolved through several genera- 
tions of development during the last dozen years. 
The ancestral members served relatively simple func- 
tions such as providing range marker signals and 
moving target indication (MTI) in radar sets. The 
younger members of the family, such as the delay 
line integrators and filters, the time compressors and 
decompressors, and the spectrum analyzers, have con- 
tinued to find important applications in conventional 
radar, and also in passive radar and communications. 
We can expect still other applications to be found as 
the techniques become more widely known. 


Early Applications 
One of the earliest uses of delay lines in radar 
was to provide range marking signals. This applica- 
tion requires short delay lines for insertion of a 
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series of accurately timed pulses in the video. (Since 
range markers are being described in a separate ar- 
ticle in this issue by Harry H. Lockhart, they will 
not be considered further here. ) 

A second type of delay line application which re- 
ceived early (and continuing) attention is aimed at 
cancellation of the radar return from non-moving 
targets by subtraction of a delay video trace, range 
element by range element, from the current video 
trace. The elementary block diagram for accomplish- 
ing this moving target indication (MTI) is shown 
in Fig. 1. . 

Because of the configuration of the block diagram, 
this type of circuit has been called a delay-and-sub- 
traction process, or, more recently, a subtractive feed- 
forward process. 

One of the requirements of an MTI circuit is that 
the delayed signal arrive at the subtractor exactly one 
interpulse period after the current signal. To achieve 
this timing accuracy, customary practice makes use 
of a timing signal derived from the delay line itself 
to control the main bangs of the radar. 

In some cases, the magnitude of the return from 
stationary objects requires more sub-clutter visibility 
of moving targets than can be achieved with a single 
subtractive feedforward unit. Under these circum- 
stances, double delay and subtraction is used. In 
such cases, two configurations are possible. One ar- 
rangement subjects the video signal to two delay 
and subtraction processes in tandem. Alternatively, the 
second delay is sometimes achieved by passing the 
output of the canceller through the same delay line 
on a second carrier, which can be passed by the trans- 
ducers of the delay line. 


Integrators 
A somewhat different elementary block diagram con- 
verts a delay line into an integrator, as shown in 
Fig. 2. In this case, the current video trace is added, 
range element by range element, with the weighted 


sum of old traces which recirculate through the de- 
lay line and the feedback loop. The weighting applied 
to old video sweeps, slightly less than unity for each 
recirculation, is the feedback factor, K. Thus the ex- 
pression for the signal stored in the line is 
ne) 
S => K"f,(t + nr) 
n=o0 

where f(t) is the waveform of the video, r is the 
period of the delay line (and of the radar), and n 
is a running index over all old video sweeps. Integra- 
tion is useful primarily where the video waveform 
consists of a periodic part (such as the radar return 
from a nearly stationary target) and a non-periodic 
part, (such as noise or interference). The integrated 
sum contains a larger fraction of the synchronous 
component of the signal than does the non-integrated 
input. If the integration process is carried out with 
phase coherence from sweep to sweep, the signal- 
to-interference improves linearly with the effective 
number of recirculations. If phase coherence is not 
maintained, the improvement in signal-to-interference 
ratio is proportional to the square root of the effective 
number of sweeps integrated. 

In sweep radars, integration of target returns across 
the beamwidth provides a significant increase in target 
detectability. For search or pencil beam radars, in- 
tegration tends to suppress the interfering effects of 
non-synchronous radiation from nearby transmitters 
operating in the same frequency band. 


Evolution of Modulation Techniques 

Admittedly, the block diagrams of Figures 1 and 2 
are somewhat oversimplified, since they neglect such 
details as the type of modulation, the transducer driver, 
and the troublesome matter of the post-delay ampli- 
fier. In the integrator, very careful control of both 
phase and amplitude response are required in all 
amplifiers in the loop. In the recirculation process, 
any defects of the amplifiers are identical each time 
around and hence are enhanced the same as any other 
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FIG. 3. SUPERREGENERATIVE Amplifier, basic cir- 


cuit. 





synchronous component of the signal. 

In the original sweep integrator, which was de- 
signed about 1952, amplitude modulation of the delay 
line carrier was used to represent the radar video. 
Spurious responses of the delay lines together with 
inevitable irregularities of the loop amplifiers limited 
the average feedback factor to about .85 or .90. The 
effective number of recirculations could not be taken 
above about 10 without causing oscillation at some 
point in the sweep. 

A year or two later, a new type of integrator was 
built which made use of frequency modulation of the 
delay line carrier to represent the video. This FM in- 
tegrator used an auxiliary loop to control signal 
gain, in addition to the main signal loop. Since am- 
plitude was not used as an information bearing 
parameter, some of the problems of amplifier design 
which occurred in the earlier AM integrator were 
less severe. It was more than ever necessary, how- 
ever, to obtain uniformity of phase response over the 
entire delay line pass band, both in the integrating 
loop and the control loop. In this design, the feed- 
back factor could be maintained at about .99 without 
difficulty, so that somewhere near 100 old sweeps could 
be integrated. This was done, however, at some ex- 
pense in equipment complexity, since the number of 
active stages in the loops was about 100. 

Within the last two years, still another improve- 
ment in the integrator circuitry has been made. This 
consists of the use of a superregenerative amplifier, 
with phase modulation as the information bearing 
parameter. 

A superregenerator basically consists of a tuned 
circuit containing a parallel active element which 
can be switched between a positive resistance state, a 
zero resistance state, and a negative resistance state 
(Fig. 3). 

Initially the amplifier is in the listening or zero 
resistance condition. An input signal excites the tuned 
circuit at low level, and an oscillation is established 
with a particular starting phase. The active element 
is then switched to the negative resistance state, and 
the stored low level oscillation is amplified at a very 
rapid rate, but the phase of the initial low level signal 
is accurately maintained during this build-up period. 
During the negative resistance period, signal build- 
up rates to 1200 db per microsecond can be easily 
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Time Delay: 40 +.04 microseconds @ 25°C. 
Temperature coefficient of delay: <20 P.P.M./°C. 
Attenuation: 4 db. 

Rise time: 0.4 microseconds (10% to 90%). 
Size: 50 cubic inches. 
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L ca design engineers are specialists in the research and develop- 


ment of delay lines custom built to meet the most exacting military 
specifications. The above example is only one of hundreds of diffi- 
cult delay line problems cracked by PCA engineers. When stability, 
low attenuation, minimum size, and high ratio of delay to rise time 
are critical requirements for your delay line—let PCA engineers 
give you technical data and specifications. 





To: PCA ELECTRONICS, INC. Dept. MSD-109 
16799 Schoenborn Street 
Sepulveda California, U.S.A 
Please send data on Delay Lines: 
_____ Complete Catalogue. 
____ Specification sheet on which we will 
indicate our special requirements. 
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16799 Schoenborn Street Sepulveda, California, U.S.A. Company. 
PCA Electronics, Inc. is also a leading manufacturer of pulse transformers $ Street 
City. State 
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achieved, so that in an amplification period of 0] 
microsecond, adequate gain can be obtained. To com. 
plete the cycle, the active element is switched to the 
positive resistance state, which damps out the am. 
plified signal, and prepares the circuit to return to the 
quiescent or listening state. 

It is clear that the superregenerator (SR) is a 
sampling amplifier, but since a delay line deals with 
video signals range element by range element, this is 
not a disadvantage. The time-sampled recirculating 
signal is cleaned up and reformed by the SR each 
time around the loop in a manner analogous to the 
way that digital pulses are reformed after an operation 
that causes degradation of the waveform. A block dia. 
gram of the SR delay line integrator is shown in 
Fig. 4. 

Not only does the SR amplifier make a significant 
improvement in performance, it also permits a con- 
siderable reduction in complexity. The FM integrator 
contained about 100 tubes in the loops, and another 
50 in the auxiliary circuits. The SR integrator con. 
tains four active elements in the loop, and another 30 
in the auxiliary circuits. 

One further improvement in circuit technique de- 
serves brief mention. To reduce the cumulative ef- 
fects of delay line spurious responses, every fourth 
burst is modulated with an inverted phase. The ef- 
fects of these two circuit techniques on the inte- 
grator performance, as measured by the equivalent 
number of circulations, is shown in Table I. 


Other Applications of Integrators 

Most of the discussion of integrators above has 
assumed that the circuit is to be used to improve the 
signal-to-interference ratio in a radar receiver. An- 
other significant application for an effective integrator 
occurs following the multiplication in a video or IF 
cross-correlator. 

Cross-correlation as a component operation occurs 
in two kinds of military systems: a) Passive sys- 
tems designed for triangulation location of active 
sources and b) communication systems in which the 
received signal is compared with locally generated 
replicas of various possible transmitted signals. In 
both of these areas, SR delay line integrators have 


TABLE 1. DELAY LINE INTEGRATOR 
MEMORY MEASUREMENTS 





Feedback 











Max. Level of 3 db Effective 
Delay Line Band Number of Factor 
Type of Memory Spurious Width Recirculations K 
Straight Line 
No Inversion —38 14.0 O cps 220 0.995 
db 
With Inversion 1.7 1900 0.9995 
Folded Line 
No Inversion —47 2.3 1400 0.9993 








db 
With Inversion 





1.3 2400 0.9996 
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FIG. 4. SR DELAY LINE Integrator gives improved 
performance with reduction in circuit complexity. 
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FIG. 5. BASIC ELEMENT of generalized filter delay 


line network. 
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FIG. 6. TIME COMPRESSOR, showing use of delay 


line element. 


application as a means of carrying out required func- 
tions with simple and reliable circuits.” 


Generalized Delay Line Filters 

A considerable advance in the systematic appli- 
cation of delay lines to military data processing oc- 
curred when a general theoretical procedure for the 
analysis and synthesis of networks containing delay 
elements was developed **. The references show that 
for the synthesis of a general delay line network, the 
basic circuit of Fig. 5 can be used. By variations of 
the delay line characteristics and gaias of the loop, 
and by cascading elements of the form shown, any 
frequency response curve available with delay line 
networks can be achieved. 


Delay Line Time Compressor 

Still another area of application of delay lines to 
military data processing is that provided by the delay 
line time compressor. This circuit is shown in elemen- 
tary block diagram form in Fig. 6. In the case of a 
time compressor, a loop gain of unity is used, and 
the delay line amplifier is adjusted to compensate 
as closely as possible for the delay line losses. 

To understand the operation of the time compres- 
sor, consider the case in which the line initially con- 
tains no stored information. Closure of the switch 
for one sampling period places one sample in the 
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recirculating loop. When this sample has completed 
one circulation around the loop, the input switch is 
closed again, placing a later sample of the input signal 
into a storage position next to and immediately after 
the first sample in the recirculating loop. This process 
of sampling and storing continues until the line is 
full. The next incoming sample then displaces the 
oldest recirculating sample, and so on in steady state. 
This process is illustrated in Fig. 7. 

Since widely spaced samples of the original wave- 
form are spaced closely in the storage loop, it is clear 
that the bandwidth of the signal in the delay line has 
been increased by the same factor that the time scale 
has been compressed. The ouput waveform of the time 
compressor is the same as the output signal obtained 
by rapid repetitive scanning of an analog shift regis- 
ter in which samples of the input waveform are stored 
and shifted. 

The inverse process of time decompression or band- 
width compression can also be accomplished by a de- 
lay line network in which a high frequency wave- 
form is stored from time to time in the recirculating 
delay line, and samples are delivered to the output at 
the leisurely rate of one sample per recirculation. 


Spectrum Analysis 

One further application of delay line networks lies 
in their use as spectrum analyzers capable of carrying 
out a rapid (i.e. real time) panoramic analysis on a 
time varying input waveform.® 

There are two general classes of delay line spectrum 
analyzer. The first makes use of a time compresser to 
process the input signal, then heterodynes the time 
compressed output with a stepped or sweeping wave- 
form. The basic elements of such an analyzer is shown 
in Fig. 8. 

The second class of delay line spectrum analyzers 
make use of the fact that the frequency characteristics 
of the general delay line network filter are controlled 
by the feedback loops, as described above. In particu- 
lar, by varying the ratio of the gains in the feedback 
loops in two element delay network, it is possible to 
change the frequency of the fundamental passband in 
the comb filter response of the network. Thus, in the 
frequency region below the first harmonic passband, 
a sweeping filter can be achieved by introducing ap- 
propriate time-varying gains into the feedback loops. 
The block diagram of such an analyzer is shown in 
Fig. 9. 

Another variation on the same principle consists of 
the use of a time-varying local oscillator which hetero- 
dynes the input signal to the frequency of the funda- 
mental tooth of the comb filter resulting from a fixed 
frequency integrator. 


Conclusion 
From early and simple beginnings, delay line net- 
works have provided ‘a complete family of techniques, 
which can be expected to find many applications in 





future military data processing systems. Not only can 
the techniques outlined be used in a variety of systems, 
but also variations of these techniques for other use- 
ful purposes remain to be discovered. 

One of the most important developments has been 
the evolution of SR amplifiers for driving delay lines. 
The simplicity of these circuits now permits the possi- 
bility of complex data processing in vehicles with 
stringent space and weight limitations. 
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give ELECTRONIC Time Delay Relay (TDR) 
has in the last two to three years almost com- 
pletely superseded the more conventional types of 
timer (thermal, motor driven, spring wound, etc.) 
in high performance military e!ectronic systems. The 
reasons for this lie in the resistance to environmental 
degradation shown by the E.ectronic TDR and the 
comparatively high reliability figure of components 
internal to the TDR with respect to other types of 
timing mechanisms. 

Ideally an Electronic TDR should contain (1) a 
source of time in terms of voltage, current, or fre- 
quency, (2) a comparator which serves to compare the 
generated signal of the timing source to a pre-set signal 
level, (3) an electronic switching element which is 
triggered by the comparator and generates a voltage 
step from approximately zero to a required voltage 
level, and (4) an output load-switching device which 


High Accuracy Electronic Time Delay Relay 
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Fig. 1. High-Accuracy Electronic Time Delay Relay 
comprises time source, comparator, trigger and 


output load-switching device elements. 


may be an electromagnetic relay, magnetic switch, sili- 
con controlled rectifier, or other power handling device 
(Fig. 1). 

A series R-C circuit is perhaps the most utilized time 
source circuit since the voltage developed across the 
capacitor is a function of time as defined by E, = E 
(1 — e-*/®°) and the time for E, to reach 0.635 of 
E (one time constant) is T = RC. For practical con- 
siderations the maximum resistance value used is 1 
megohm which in conjunction with a 100 +f tantalum 
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Construction of a Rate Gyro 
1 (Motor 


a 


Construction of a hermetically sealed rate gyro, 
Daystrom Type R-51, is shown in the exploded view 
below. The numbers in the text refer to the parts or 
assemblies similarly marked in the drawing. 

The gyro essentially consists of a spin motor (1) 
mounted on a sealed gimbal (2) that is restrained by 
a torsion spring (3). The gimbal is supported by 
flotation in liquid, alignment being maintained by 





Assembly) 








bearings (4) at both ends. 

Angular rate about the axis perpendicular to the 
axes of the spin motor (1) and gimbal (2) causes a 
precessional moment about the gimbal axis, resulting 
in a displacement of a potentiometer wiper (5) me- 
chanically coupled to the gimbal. The potentiometer 
(6) has a resolution of 0.6% of maximum rate. A large 
range of resistances may be selected to meet the cus- 
tomer’s needs. 

Two damping assemblies (7) with bi-metallic tem- 
perature-compensating springs (8) achieve damping 
between 0.3 and 0.7 of critical over the specified tem- 
perature range of —65° to 165°F. Rugged castings 
(9) are used to ensure maximum stability. Total 
weight is 1.15 lb. max., (From 4-page brochure, Day- 
strom Pacific Div., of Daystrom, Inc., 9320 Linceln 
Blvd., Los Angeles 45, Calif.) 
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Fig. 2. Exponential R-C time source is high- 
ly accurate when voltage-regulated source, 
on snail re-compensated elemnts are 
used, 


capacitor achieves a delay time of 100 seconds. Since 
the capacitance value of the capacitor varies as a posi- 
tive function of temperature the resistance portion of 
the R-C circuit is chosen to have a negative temper- 
ature coefficient equal to that of the capacitor so that 
the value of R-C (which equals T) is held constant 
throughout the temperature range. The voltage ap- 
plied to the R-C circuit is usually regulated for the 
higher accuracy TDR’s by means of zener diodes or 
other voltage regulator circuits. 

The comparator section (sensing element) of the 
Electronic TDR is usually a semi-conductor device and 
may be a zener diode, a voltage-current or frequency 
bridge, a diode back-biased at some set level, or nu- 
merous other circuits which combine the comparator 
section with the electronic trigger section of the TDR 
such as multivibrators, Schmidt triggers or one-shot 
multi’s. As an example of the latter the Shockley diode 
UJT or silicon controlled rectifier may be used. 


The choice of both the comparator and. the elec- 
tronic switching circuit is equally a function. of price 
and of the over-all. requirements of the device. The 
only environmental factor affecting such solid-state 
circuitry is temperature for which compensation is 
easily arranged. In some cases variations in applied 
voltage also effect the circuit accuracy in which case 
voltage regulators may be used. 


The output load-switching device to a greater ex- 
tent than any other portion of the circuitry accounts 
for the over-all reliability of the electronic TDR. Since 
the electronic switching circuit in conjunction with 
the comparator sensing element applies a step function 
of voltage this allows the TDR to act as a “go-nogo” 
device and the output load switching element is either 
fully actuated or not actuated. It never has a partial 
signal applied to it. 

An example of a output-load-switching element is 
the micro-miniature crystal-can relay capable of vi- 
bration to 5000 cps at 30 or more G’s acceleration. 
In fact a Voi-Shan Timer tested to destruction by a 
well known missile manufacturer withstood 45 G’s to 
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Fig. 3. Accuracy to 0.1% or better is combined 
with extreme miniaturization (45 sec/in-cube) i 
typical Voi-Shan Electronic TDR. 


2000 cps before any sort of malfunction was noted. 
Other output switching devices which are being in- 
creasingly used are the so-called static switching ele- 
ments; ie., magnetic amplifiers and silicon controlled 
rectifiers. 

It was previously mentioned that the combination 
of 1 megohm and 100 +f provides a time unit of 
100 seconds of time. However, applications requiring 
times greater than 100 seconds also require high re- 
liability timers. The first and most obvious answer is 
a timing system that cascades numerous 100-second 
timers. The disadvantages of this method are large size, 
weight, and accumulation of error. A better approach 
is the use of counting circuits in conjunction with 
the accurate base timer already described. 

Voi-Shan Timers have utilized stair case and/or 
logic circuits with the base timer used as a master 
oscillator. This combination has achieved time delays 
of 180 minutes and electronic TDR’s could easily be 
utilized for periods extending into the hundreds of 
hours with these techniques. Also the use of logic or 
count-down circuitry allows very high accuracy timers 
since in R-C timers non-electrolytic paper or mica 
capacitors in the 0.0l“f region could be used for a 
highly accurate (0.1% or better) base timer which is 
then frequency-divided down to the required time. 

In conclusion the Electronic TDR is a small, highly 
reliable and quite accurate timing device capable of 
meeting the environmental abuse required of modern 
military and space systems. It has good flexibility in 
that it can be designed to give a complete set of pro- 
gram outputs as functions of time as well as a single 
or repeated time output. 

By utilizing non-moving (static) switching elements 
reliable life into the billions of operations can be 
achieved. Also, in more conventional timers using re- 
lays as the output switching element 100,000 oper- 
ations of minimum life are achieved. Modern potting 
and high density packaging techniques additionally 
have allowed extreme miniaturisation (1 inch-cube for 
45 seconds of time), necessary in missile and satellite 
control systems. 
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Systems 


Electronic Engineers 


Mechanical 


NEWS OF ENGINEERING OPPORTUNITIES 


OPEN ON MOST “TALKED ABOUT” 





MISSILE OF THEM ALL 





...and other diverse and complex weapons projects* at General Electric's 
Ordnance Department in the Berkshires 


When the first operational Polaris missiles 
are installed in the “George Washington” 
—first atomic submarine specifically designed 
as floating platform for the Navy’s undersea- 
launched IRBM s—it will be a day of great 
moment for the engineers and scientists at 
General Electric’s Ordnance Department, 
who are now pouring their energies, imagi- 
nation and technical skills into the devel- 
opment, design and production of Polaris 


Fire Control and Inertial Guidance Systems. 

A day of celebration — but also one that 
ushers in new and other challenging prob- 
lems — for the push to develop the next gen- 
eration of long-range underwater ballistic 
missiles and kindred advanced weapons and 
weapon systems will be on. 

There are openings now for engineers 
(EEs or MEs) with two to seven years’ ex- 
perience in these areas: 


SYSTEMS DEVELOPMENT / SYSTEMS DESIGN OR EVALUATION 
FIRE CONTROL ENGINEERING / INERTIAL COMPONENT DESIGN / COMPUTER DEVELOPMENT 
ELECTRONIC CIRCUIT DEVELOPMENT / STRUCTURAL DESIGN AND VIBRATIONS 
FIELD SERVICE « EVALUATION / QUALITY ASSURANCE & RELIABILITY ENGINEERING 
ELECTRO-MECHANICAL DESIGN / ADVANCED PRODUCTION ENGINEERING 
ELECTRICAL DISTRIBUTION SYSTEMS ENGINEERING / PLANT FACILITIES ENGINEERING 
PRODUCT SERVICE INSTRUCTION / PRODUCT PLANNING / SALES ENGINEERING 
CONTRACT ADMINISTRATION / TECHNICAL WRITING 


Field Test Engineering (Florida, California and 
several naval stations in continental U.S.) 
Also technician openings for graduates with missile experience 


Write in strict confidence to: Mr. R. O’Brien, Dept. 45-BMJ 
Ordnance Department of the Defense Electronics Division 


—" 


100 Plastics Avenue, Pittsfield, Mass. 

















here that today offer engineers a progression of is cami, seaipilinls on: — 
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To featured articles on Delay 
Lines and their applications ap- 
pearing in this issue of MILITARY 
SYSTEMS DESIGN suggest the wide 
range of characteristics required by 
the many applications of this versatile 
circuit element. This wide range is 
further emphasized by the specializa- 
tion shown in the accompanying tables 
which list the characteristics of typical 
stock delay lines manufactured by 
those firms which have answered our 
survey questionnaire. 

Not included, of course, are delay 
lines for military or commercial ap- 
plications which are obscured by se- 
curity regulations. Also, no attempt is 
made to provide here a complete list 
of all standard models made by any 
manufacturer. Engineers should cor- 
respond directly with each manufac- 
turer of those types of delay lines in 
which they are particularly interested. 


"Standard" Delay Lines 
Manufactured for Stock 
The “standard” or stock delay lines 
listed in this survey exemplify those 
types of delay lines for which a cer- 
tain continuing demand exists in com- 
mercial and military applications. To 
an extent, their characteristics may be 
considered as typical of the current 
state of the art, although most manu- 
facturers will state that closer limits 
can be achieved by special attention 
to customer’s requirements. Quick de- 
livery schedules are also stressed by 
the manufacturers of stocked “stand- 
ard” delay lines. 


Delay Lines Built 
to Customer Specifications 

Because specific requirements of 
each delay line application is primari- 
ly defined by the parameters of the 
application, many manufacturers have 
elected to build lines only to cus- 
tomer specification. 

The following have advised us that 
their manufacture is solely on a custom 
basis and are interested in specific 
inquiries from prospective users: 

Burnell & Co., Inc., Pelham Manor, N. Y. 


Generali Atronics Corp., 1 Bala Ave., Bala-Cynwyd, Pa. 
Gulton Industries, Inc., 212 Durham Ave., Metuchen, 


ms. a 

Laboratory for Electronics, Inc., 1079 Commonwealth Ave., 
Boston 15, Mass. 

Packard Bell Electronics, 1233 W. Olympic Blvd., Los 
Angeles 64, Calif. 

F. W. Sickles Div., General Instrument Corp., P. 0. Box 
330, Chicopee, Mass. 

United States Electronic Corp., 275 Warren St., Lynd- 
hurst, N. J 
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112: 
me FIG. § 
anufacturer T Principl Ti Del Rise Ti i r 3 
a a. wie wedi “(usec)” = (nsecor% delay) (dbertdeley)  'reneane® ate < 
Ad-Yu Electronics Types 505 Distributed Continuously 8% 0.2 db/0.1 — (Fig. 1) es 
Laboratory, Inc. to 509 constant variable 0 to usec at low 
249- Terhune Ave. R-L-C net- 1.2 frequencies 
FIG. | Passiac, N. J. work Poten- to | db at 
ae. tiometer type. 15 me for 
Type 505 
Types 6C7a_ _——ODistributed 0.05 to 0.6 8%, 1db/O.5 usec 750t04000_ Li h 
to 6C40b constant : rd at - ve ware a = 
R-C-L Net- frequencies to 
work 6 db at 10 Mc 
Types 6T50a _— Distributed 0.1 to 12.5 15% — 50 to 2500 Linear phase shift 
to 6%2500d _— constant beyond 70%, of cut. 
R-C-L net- off frequency; +29, 
work, 10-taps. accuracy at any tap 
(Fig. 2) 
Types 2011 Lumped and Oto II 5%, — 300 output 15 b i 
and 2012 step distributed (Type 2011) a —— oe nee 
and continu- constant L-C Oto 16 
ously variable network and (Type 2012) 
combination amplifier sec- 
tion 
Types 20A Coaxial l.dbor ti. 4%, — 93, 75 and 1000 me bandwidth 
Wideband de- bilateral in 10 steps 50 constant from de to 
lay standard _ passive 1000 mc. Accurate to 
Step variable network 0.5%. Resolution 
— a 0.1% 
Andersen Labs., Inc. Single-ended Quart several usec — Ist pulse 100 20-90 . Ba 
501 New Park Ave. = and double- to 50 usec. 35-45, 10th width peti ie 
West Hartford, Conn. ended echo (1780 yd. pulses 45-60 db. 
delay lines 2 yd.) 
Solid ultra- Quartz several usecto —— 40 (approx) various 9 to 30 me C.F. In 
sonic delay Crystal several millisec hermetically sealed 
lines multipath and/or temperature 
reflection controlled. Operates 
to 125°C, 
Variable Quartz Continuously — 40-60 various 1040 me C. F. Band- 
ultrasonic variable delays width 3-7 mc. Can 
delay lines from 0-20 to be set to accuracy of 
144-264 usec. 0.01 to 0.05 usec. 
Tapped delay Quartz 412.5 usec with —— 60 200 20 me C. F. Band- 
lines 11 taps, at each width 4 mc (see 
37.5 usec. Fig. 3) 
Multisection Quartz Up to 10,000 — 65 200 8 mc C. F. Bandwidth 
3 me. 
Matched lines Quartz Set of 3,4100 —— 50-55 270 20 me C. F. Bandwidth 
usec. Matched ‘ 7 me. 
to 0.04 usec. 


Note 


All lines meet MIL-Specs. Temperature Controllers and temperaturecontrolled lines 


75° to 100°C. 


are available, accurate and stable to +0.1°C fron 








Arenberg Ultrasonic 
Laboratory, Inc. 

84 Green St. 
Jamaica Plain 30, 
Mass. 


Echo Type 
749 Straight 


Radar Type 
587 


Radar Type 
756 Model 
16MS38C 


Integrator 
Type 813 
Model 


Fused Quartz 


Fused Quartz 
Multiple re- 
flection Path 
type 


Fused Quartz 
Multiple reflec- 
tion Path type 


Fused Quartz 
Mutiple reflec- 
tion Path type 


48.8 


500 


1500 


900 





2db/echo 50 
60 50 
60 50 
60 50 


30 mc carrier freq. 
F.) 


40 mc C. F. Band- 
width/8 mc multiple 
symmetry Model 
15MS31 


32 mc C. F. Band- 
width 20 me Model 
16MS38C (Fig. 4) 
light and small. 


40 mc C. F. Band- 

width 20 me Model 
9MS13 Wide band- 
width and low sec- 
ondary ratios 


FIG. § 
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Manufacturer Type Principle Time Delay Rise Time Attenuation Impedance Feature 
(usec) (usec or % delay) (db or % delay) (ohms) 





Artronics Instrument Co. C Series = Lumped con- | to 100 3% cae 50, 200, Epoxy encapsulated WANT 
11232 Triangle Lane, Silver Spring, Md. = —sSstant 10 500, 1000 military grade Temp. 


mk een “ie ees. | HIGH-SPEED 

= 7 pene eo Sate ance +2%; (Fig 5 

— , Keele: Same 0.1 to 30 Same Same MEASU REMENTS 
TO 10 


plies MILLIONTHS... 








Brubaker Lumped Constant 0.25 to 25 5% to 3% 10% to 70% 50 to 1000 Taps can be added 
Electronics, Inc. as required 


0.25 to 25 10% to 6% 10% to 60% 50 to 100 
3652 Eastham Drive 
Culver City, Calif. om 
Standard Distributed 0.10 to 6 10% to 20% 10% to 60% 500 to 3000 Taps can be added 


Constant as required 
(Manufacturer lists specific modifications which can be made to standard lines without loss of minimum price and fast delivery schedules) | ELECTRONIC 
MICROMETERS 





Columbia Technical HH Series Distributed 08 to | up to 1% down to 0.2" 1600 to 3900 Magnetic Core Cables ify ~ need to measure 
Corporation constant usec/ft. db/usec fragile or compressible 
61-02 31st Ave. ateree neni ws 
Woodside 77,N.Y. “Flats” . 05 to § up to 10% | db/usec 100 to 8000 High delay per : hen C nice 
volume Elliptical Core en CARSON-DICE 
(Fig. 6) Electronic Micrometers 


(All production MiniLines 05 to | up to 10% | db/usec 560 to 2000 1/4" and 5/16" OD are for YOU! 
is to Customer's 
specifications) 
Lumped con- Lumped con- to 100 various various any Custom built 
stant stant 


J. W. DICE Co. 
— : ENGLEWOOD, N. J. 
Control Electronics F Series Lumped Con- Varies with 50 to 10,000 High accuracy and GREAS 55 ON ROARED CEES CARP 


Co., Inc. (over 300 stant (Fixed delay and compactness 
10 Stepar PI. listed) Delay) impedance 
Huntington Station, (Taps as desired) 











L. 0, &. Y¥. 


V Series Lumped Con-_ All ranges up Varies with 50 to 10,000 Long life, motor applied by the inch OUNCE 
stant Variables to 1000. delay and commutated over 
impedance 500,000 cps, high 

accuracy, in regular 
and miniature size. 


(Fig. 7) 


VM Series Magnetostric- All ranges 46db and up‘ to _- 1000 Long delay—infinite 
tive variable from 2 to 6000 resolution; up to | 
me bandwidth. 


VE Series Lumped Con-_ All ranges Varies with 50 to 4000 Delay is varied by ¥Y Available in 


stant Electri- from .! tol00 delay & im- applying control volt- ! 
cally Variable pedance age (infinite / these Torque Ranges 


lution). 
~eeaeieme MODEL CAPACITY 
F80-I-G 0- 80 inch grams 
- —— = = | F8-I-O 8 inch ounces 
F16-I1-O 0- 16 inch ounces 
Computer Control Model DU-10 Lumped Con- 10%/usec 91 ohms Cutoff frequency 5.6 / 
Cc Unit Delay stant 30 me 19" panel rack F32-1-O 0- 32 inch ounces 


°. 
92 Broad St. Chassis sections/ chassis. Timed for ? 
Babson Park chassis Logical Element F80-I-O 80 inch ounces 


Wellesley 57, Mass. LE-10 F160-l-O 0-160 inch ounces 


Special delay lines, specialized engineering services and delay systems to customer's requirements are also provided, and inquiries are solicited. 








DP-10 Plug-in Lumpedcon- 4—I usec Cutoff frequency 5.6 
Card modules stant 4 sec- one-pulse me Timer for LE10 Inch pound models and larger 
tions/card period de- (Fig. 8) foot pound ranges also available 
lay lines 
per card. 


SM-l0 serial Magneto- Up to 560 . Input 1000 Delay adjustable by 
memory plug- strictive usec ohms; output screwdriver +1.5 


in module om _ , 91 ohms payee 9 units 
with amplifier- may be cascaded f. 
driver. longer total ra niga PA. S turtéva NT CO. 
Follower for LE-10 ADDISON TOV aT ILLINOIS 


unit. 
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LFE makes a 
DELAY LINE 
for almost 
every purpose! 


Ordinary, every day delay problems? 
Please don't ask us for help! 


But if your problems include choos- 
ing the right delay lines for computer 
applications, airborne or ground ra- 
dar MTI systems, missile systems, 
lock-test or range markers, or you 
name it, LFE has a delay line design 
that will do the job. 


There's 12 years of experience be- 
hind LFE's quartz and mercury delay 
lines. That's your assurance of re- 
liability and proven design when you 
buy delay lines from LFE. 






SEND FOR THE FACTS 
Write for full information on LFE's 
complete line of delay lines. 


LABORATORY FOR 
ELECTRONICS, INC. 
Computer Products Division 


1079 
Commonwealth Ave. 


BOSTON 
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Manufacturer Type Principle Time Delay Rise Time Attenuation Impedance Feature 
- (usec) (usecor% delay) (db or % delay) (ohms) 
Deltime, Inc. Model 103 Magneto- 40 0.3 45 500 Outputs are coals. 
608 Fayette Ave. striction ously variable alon 
FIG. 9 Mamaroneck, N. Y. Cont. Vari- time-graduated sca), 
—- able (Fig. 9) 
Model 118 Magneto- 52 0.15 45 Input 50 Produces !5 spaced 
striction output 500 output pulses from, 
single input pulse 
Custom made Magneto- | usec to 0.1-0.2 40 up 30-10,000 Multiple taps fully 
striction 10 msec variable 
ori aan til ee, 
ESC Corporation Standard Lumped con- 0.25 to 5000 0.015 to 100 up to 6.0 db 50 to 2000 all potted & her. 
534 Bergen Blvd. stant L-C metically sealed 
Palisades Park, N. J. network (Fig. 10) 
200 Series Lumped con- 0 to 5.075, 0.20, 0.30, 25%, 40%, 50%, 1000 Push button delay 
Decade Delay stant L-C 10.05, 20.05 0.50, and 2 and 50%, re- steps of 0.025, 0.05, 
‘ network or 50.1 total respectively spectively for 0.05, and 0.1 usec, 
: 10 steps total delay time respectively 
400 Series Distributed maximum delay 0.025 to 1 db max. 100 to 1500 10-turn shaft to max, 
constant from .10 to 0.09 delay; resolution 
cont. vari- .70 better than 0.00! us 
able 
500 Series 90 to 15 .20 to 3 50 to 9 56 to 1000 10-turn shaft to 
continuously max. delay 
variable 
Eastern Precision IR Series Continuously 0.18-0.22 0.06 | db max 250 ohms Hermetically sealed 
Resistor Corp., Variable 0.23-0.27 infinite aoe be 
675 Barbey St., 0.28-0.32 
Brooklyn 7, N.Y. 0.33-0.37 
0.48-0.52 
0.58-0.62 
DD Series Lumped con- 11, 110 of 0.33, 2.5 and 0.8, 1.7 and 1000 ohms Selector permits in- 
110 Sections stant 1100 usec total 35 2.4 db. crements of 1%/, of 
tapped LC Network delay total delay. 
Sealed Lumped con- _ 0.1 to 400 2.7 (for 100 1.5 db for 50 ohms to Available with taps. 
Construction stantLC psec usec line) 100 usec line 5000 ohms 
network 
Ferranti Electric, Inc. 120 Magnetostric- 4-400* — 50 10-1000* Bandwidth and digit 
95 Madison Ave. tive with taps rate* up to | me 
Hempstead, L. I., N. Y. optional. 
L30 Same 50-750 — 50 Same Same (Fig. 11} 
L35 Same 500-2500 a 50-60 Same Same 
L40 Same 2500-5000 — 50-60 Same Bandwidth and digit 
rate* up to 500 ke 
L40 Same 1000-3000 —_— 50-60 Same Bandwidth* and Dig- 
it* rate up to | me. 
5808 Same 50-2000 oe 50-70 Same Same 
5902 Same Up to 2000 ——_ 50-60 Same Same, up to 200 taps 
continuously variable 
$20 Same Up to 560 — 50 Same Bandwidth* and Dig- 
it* rate up to | me... 
*As required within range given. 
Temperature Coefficients of Delay: As required down to ) 0.1 ppm/°C. 
Digit rates up to 5 me (NRZ) are available in special packages. 
Filtron Co., Inc. DL-305 Fixed, 15 0.5 3 500 10 intermediate taps 
131-15 Fowler Ave. lumped con- of 1.5 usec each, 
Flushing 55, N. Y. stant encapsulated, meets 
Mil-E-5422D 
DL-303 Fixed, 2.5 0.25 2 3000 Encapsulated, conform 
Distributed to Mi-Fl-14072 and 
constant Mil-T-27A, 
Spurious response les 
than 10%. 
DL-306 Variable, 0.1-1.0 10% total 1 100-2000 Resolution, better 
distributed total delay than 0.001 usec. 
constant Continuously variable 


(Also produces to customer specifications) 


in 10 turns. Operat- 
ing temperature 
—55° to 125°C. 
(Fig. 12) 
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ture Manufacturer Type Principle Time Delay Rise Time Attenuation Impedance Feature 
(usec) (usec or% delay) (db or % delay) (ohms) 
cain, ua General Electric Co. Phase Electrically Upto i2usec, 10% of varies with Frequencies up to 40 
19 alon Heavy Military Modulator Variable variable to nominal frequency 12-14 1000-4000 mc. can be modulated 
sted af Electronics Dept. Delay Line Delay 50% delay db @10 me. in either phase or fre- 
Court Street } quency 
Syracuse, N. Y. 
) spaced Wire Sonic Magneto- 10-10,000 0.4-0.5 24 db plus 20,000 Piezoelectric drive has 
2s from, Delay Lines strictive or 3 db/msec normal.Can _ lower attentuation 
Pulse Piezo-electric (fixed de- be modified than magnetostrictive 
Transducers lays) for lower equivalent. Can be 
»s fully values. tapped (fixed or ad- 
justable). 
a Delay Coaxial Distributed 0.01 to 20 0.4-0.8/ Varies with 500 or 1250 _—Inexpensive.; less than 
her. Cable Constant usec delay frequency $5/usec unterminated. 
aled Type 500 and and delay. 
Type 1250 
delay The Gudeman Co. Pulse Distributed 0.02 to 0.035 for —_— 50 Miniature V2" diam., 
5, 0.05, of California, Inc. Generator Parameter 0.1 0.1 line 2" to 8' long | 
| usec, 2669 So. Myrtle Ave. 50 —65° to 125°C 
Monrovia, Calif. 
t to max, 
ution 100 Same 0.05 to 0.04 for — 100 Same 
0.001 usec 0.25 0.25 line 
t to (Also produces 500 Same 0.1 to 0.08 for -—— 500 Same 
to customer's 1.0 1.0 line 
specifications) 
ate 1000 Same 0.1 to 0.07 for — 1000 Same 
oid 0.7 0.7 line 
ten 1500 Same 0.1 to 0.05 for _— 1500 Same 
0.5 0.5 line a 
JFD Electronics Distributed 0.05-1.2 0.025-0.1 | db/usec 100-2000 General purpose or 
Corporation Constant +5% (better printed circuit mount- 
nits ins FIG. 13 4!0! Sixteenth Ave. on request) ings (Fig. 13) 
%, of : Brooklyn 4,N.Y. 
” ——— Distributed 1 to 5 and 
Constant higher, +5%  0.1-0.5 5 db/usec 1000-10,000 Same 
atm Lumped 0.25-50 0.05-0.5 I db (to! 50-2000 Available in many case 
Constant psec) 3 db configurations 
(1-5 usec) 
6 db (5-50 
id digit usec) 
/me — is 
PCA Electronics, Inc. VDL Continuously 0.05-0.5 0.1 max 15% 1000 Shaft controlled 
16779 Schoenborn St. variable dis- delay 
1) FIG. 14 Sepulveda, Calif. tributed con- 
stant 
d dicit RM Distributed 0.1 to | 0.07 max 10 to 25% 500 Hermetically sealed 
00h constant fixed 0.1 to | 0.07 " 1000 round metal 
‘and Dig 0.1 to 1.5 0.11 1500 
> | me, L Lumpedcon- _— Various 2 to 3% a Various with Wide variety in cur- 
stant fixed from 0.9 to 500, 1000 rent production, in- 
1000 psec 2000 standard cluding multiple and 
200 taps tapped styles. 
variable HRVDL Continuously 0 to 0.3 and 0.4 and 0.11 10 to 22% 250,500 and 348° rotation gives 
and Dig: Round variable dist. 0 to 1.0 1000 resolution better than 
> | me... Potentiometer Constant 0.00 of max delay. 
type. (Fig. 14) 
Technitrol 25 E Series Distributed 0.25 usec /6" 0.03 to 0.04 2 db/usec 330-1200 Temperature range 
Engineering Co. Constant stick per 0.25 line —25° to 85°C 
1952 E. Allegheny Ave. available in variety 
te tops Philadelphia 34, Pa. of case styles 
ch, 25 F Series Same 0.25 usec/6" 0.07-0.15 | db/usec 560-2700 Same 
, meets stick per 0.5 line 
25G Series Same | usec/6" 0.15-0.22 0.5 db/usec 1200-4700 Same 
ey stick per | line 
2 
" 25J Series Same 3 usec/6" 0.33-0.53 0.2db/usec 3900-7500 Same 
onse less stick per 3.0 line a 
Tobe Deutschmann = L-C Lumpedcon- _0.10-50 10% 5-25% 50 to 2500 Furnished with any 
etter to customer's Networks ctant number of taps, only 
1c. Corp. Mil-C-5 mils capaci- 
variable (All production tors are used. 
jperat- West Coast Division 
ure 4144 Glencoe Ave. 
°C. Venice, Calif. 


specifications) 
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You Get Things Done With 
Boardmaster Visual Control 





ve Gives Graphic Picture of Your Opera- 
tions—Spotlighted by Color 

vy Facts at a glance—Saves Time, Saves 
Money, Prevents Errors 

vy Simple to operate—Type or Write on 
Cards, Snap in Grooves 

vy Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

vy Made of Metal. Compact and Attrac- 
tive. Over 400,000 in Use 


Complete price $4g50 including cards 
24-PAGE BOOKLET No. MT-20 
Without Obligation 


Write for Your Copy Today 


GRAPHIC SYSTEMS 
55 West 42nd Street e New York 36, N.Y. 
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KURMAN 
MINIATURE 
POWER RELAY 


FEATURES 


© Clear polystyrene dust-proof enclosure 

e Up to3 PDT, 10 amp. contacts 

e AC or DOC coil, up to 15,000 ohms 

¢ Life—100,000 operations minimum 

¢ Dimensions 13%” sq. x 2%,” high 

* Octal or 11 pin plug-in 

STOCKED BY LEADING DISTRIBUTORS 
KURMAN SALES AGENCIES 


FROM COAST TO COAST 
For immediate Delivery at Factory Prices 


KURMAN ELECTRIC CO. 


Subsidiary of Crescent Petroleum Corp. 
Quality Relays Since 1928 
191 NEWEL ST. 
BROOKLYN 22, N. Y. 
Export: 135 Liberty St,N.Y. 
Cable: TRILRUSH 

SEND FOR CATALOG 


Seeeeeeeeeeeeeee 
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ROYAL PRECISION 


ihr dl 


Your 
greatest 
computer 
value 
on 
the 
market... iInsideé.. . tre world’s largest-selling engineering 


and scientific computer, the compact, mobile LGP-30 is also 
the lowest-priced complete computing system you can buy or 
lease. It gives you the largest memory (4096 words) and ca- 
pacity in its class. Internal components have been greatly 
reduced to insure highest operating reliability. The logic 
circuit and few etched circuit cards_are easily removed for 
checkout and maintenance. and ... The LGP-30 oper- 
ates from any wall outlet, requires no site preparation. With 
its simplified command structure, the LGP-30 is the easiest 
computer to program and operate. It is delivered complete 
with tape typewriter for alpha-numeric input-output. An ex- 
tensive library of programs and sub-routines is available. Sold 
and serviced coast-to-coast, in Canada and abroad by Royal 
McBee, it’s your greatest computer value inside and Oo ut, 



















































































Royal Precision Corporation 


e Royal Precision issjointly owned by the Royal McBee and General Precision Equipment 
Corporations. LGP-30 sales and service are available coast-to-coast, in Canada and 
abroad through Royal McBee Data Processing offices. For complete information write 
ROYAL MCBEE CORPORATION, data processing division, Port Chester, New York 
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Choosing A Proper 
Coaxial Cable 


In order to achieve maximum efficiency and gery. 
ice from coaxial cable, the proper electrical and my. 
chanical choice must be made to fit each application, 


Temperature Rating 


By reference to Properties of Wire and Cable Jp. 
sulating Materials Table the upper and lower temper. 
ature limits of various insulating materials can }, 
compared. If the ambient temperatures to be ¢. 
countered in the particular installation are known, 
it is possible to choose the proper material for both 
core and jacket. Power handling capacity is also , 
function of the temperature rating, since the temper. 
ature of the center conductor is increased with 
increased power. 


Attenuation 


The attenuation desired will determine the physical 
size of the cable, since copper loss is the most im. 
portant factor effecting attenuation well up into the 
UHF region. Assuming equal impedances and dielec. 
tric materials, the larger the center conductor, the 
lower will be the attenuation in cables of similar con. 
struction. By this time it is decided that the cable will 
be either Teflon or Polyethylene, and the attenuation 
requirement has put it into one of the following four 
size classes: 


1. Up to 0.125” O.D. 

2. 0.126” to 0.250” O.D. 

3. 0.251” to 0.450” O.D. 

4. 0.451” to 1.125” O.D. or larger 


If low attenuation together with reduced size and 
weight is desirable, special Times low-loss, small- 
diameter cables, designated Datacables, are recom: 
mended. 


PROPERTIES OF WIRE AND CABLE 
INSULATING MATERIALS 


Normal 
; Volume Operating 

; Dielectric Power Resistivity Moisture Temperature 

Material Constant Factor ohms/cm Absorption % Limits 
Teflon* 2.1 0.0003 1018 0.005 —T5 to 250°C 
Polyethylene 2.28 0.0003 1016 0.014 —75 to 80°C 

Cellular 

Polyethylene 1.4-2.1 0.0003 1012 .09 —75 to 80°C 
Polyvinylchloride 3.0-8.0 0.070-0.160 2x 1012 0.5 —55 to 105°C 
Nylon 4.6-3.5 .04-03 4x 10% 1.6 —60 to 120°C 
Kel-F 2.37 0.027-.0053 1.2 x 1018 0.05 —40 to 150°C 
Silicone Rubber 2.98-3.5 .007-0.016 1013 .04 —70 to 250°C 


*Reg. Trade-mark of E. |. Du Pont de Nemours & Co. 


Impedance and Capacitance 


The next step is selection of the right coaxial cable 
is to determine whether impedance or capacitance is 
of greater importance. These two factors are directly 
related, and the choice of one will dictate the other. 

If capacitance is not critical, cable should be 
chosen on the basis of the impedance, with higher im- 
pedances paired with lower capacitances. 

When a very low capacitance is the most important 
factor, the cable choice is narrowed down to a very 
few RG-type cables, and to the miniature Times low 
capacitance cables. Since the size of the center con- 
ductor increases logarithmically with capacitance, 
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the average 12.5 ppyf/ft. cable has an O.D. of 0.240” 


to 0.250”. Times miniature low capacitance cables, 


however. attain diameters as low as 0.185” with ca- 
pacitances of 9.0 ppf/ft. (From new 16-page catalog, 
“Coaxial Cables,” Time Wire & Cable Co., Walling- 
ford, Conn.) 
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Exothermic Fuze Wire 


In the detonation of explosives electrical methods 
have long been used. In most cases, a small conduc- 
tor raised to high temperature by the pasage of cur- 
rent actuates a detonation cap, which in turn sets off 
the main charge. A new type of fuze wire is now 
available which when heated to about 650°C by the 
passage of current or by any other means, ignites 
with explosive violence, reaching a temperature of 
about 2000°C. This unusual temperature indicates 





EACH PORTION of new exothermic fuze (not fuse) 
wire explodes when heated above combining tem- 
perature of its two component metals. 


that an exothermic chemical reaction, instead of the 
customary melting of the wire, has taken place. 

The wire explodes when heated because it consists 
of two separate metals between which an exothermic 
alloying reaction takes place after a critical tempera- 
ture has been reached. In this case an aluminum wire 
is cladded with a jacket of palladium so that both 
metals are in volumetrically equivalent portions. Since 
both metals are highly ductile, the composite wire can 
be drawn as small as 1 mil diameter, although some- 
what larger sizes are usually employed. 

The new wire should find application in the detona- 
tion of explosive devices or solid fuels where the 
actuating power is limited, as the heat released ex- 
ceeds many times the energy needed to initiate the 
action. It should also ensure the reliability of ex- 
plosive operated devices which are electrically deto- 
nated. 

The new wire, designated Type B3 Pyro Fuse Wire, 
does not require the presence of oxygen for the ex- 
plosive reaction to occur. The reaction “goes” in an 
inert atmosphere, vacuum, or even under water. If 
the wire is lighted at one end the reaction will proceed 
rapidly along the length of the wire. However, if the 
wire is in contact with objects which lower its tem- 
perature below the critical point it may extinguish 
itself under this condition.. The resistivity of B3 wire 
ls 65 ohms/cmf at 25°C, it has a tensile strength of 
94,000 psi and has a positive temperautre coefficient 
of resistance of 1440 ppm in the 0-100°C range. More 
details are available from its developer, Sigmund Cohn 


Corp., 121 S. Columbus Ave., Mount Vernon, N. Y. 
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A newly developed silicon mesa diode 
gives millimicrosecond recovery time (in 
normal, forward switching) with high 
breakdown voltage. These characteristics 
can be the solution to many of last year’s, 
this year’s, — and next year’s computer 
circuit problems. 


The six diodes in the table below are in 
current production and available. Con- 
tact our sales department for immediate 
quotations. 



















































































OR ; 
Peak Reverse Voltage Forward 
TYPE | @25°C & 1.0,A | @100°C & 104A | (caPaciance | one ee TO mA 
| 4226 | 20 Volts 20 volts | 1.0m 1.1 Volts 
4223 | 30 Volts ~30Volts | 1.0 uf LOVolt 
4222 | 40 Volts 40Volts | 1Omf — LOVolt 
4227 | 20volts | 20Volts | 25mf |  1.0Vot | 
4228 | 30Volts | 30Volts | 2.5uuf 1.0 Volt 
4229 | 40 Volts 40 Volts 2.5 wut LOVolt 
MICROWAVE ASSOCIATES, INC. 
BURLINGTON, MASSACHUSETTS + BRowning 2.3000 
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dent and Director of En- 
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trols Company; B. S. in 
Chemical Engineering, 
Newark College of En- 
gineering; M. S. in Phys- 
ics, Stevens Institute; 
Ph. D. (Hon.) Hobart 
and William Smith Col- 
lege. A founder and . 
twice President of the 
Society of Women En- 
gineers; member Nation- 
al Society of Professional 
Engineers. Has been des- 
ignated by N.S.P.E. to be 
its representative on Proj- Fi 

ect-Ambassador, a fact- 9- 
finding and goodwill tour of South America, in March. 

















. GAS DENSITY SWITCH SN-88 (shown 
actual size) is in use in a variety of applications in- 
volving use of artificial atmospheres in enclosed 
electronic assemblies. 
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Fig. 2. SCHEMATIC DRAWING (not to scale) showing Gas Density Swit 
positioned externally to the enclosed assembly re the gas to} 
monitored, with the pressure port inserted and sealed in 









Monitoring Artificial Atmospheres In Electronigs 


The Gas Density Switch, allied in function to the absolute air pressure 
switch, contributes new solutions to problems of arc-over and heat dis- 
sipation over wide temperature ranges. This newly developed component 
has served successfully in numerous military electro-mechanical systems. 


i in DESIGN ENGINEER—aircraft, missile or 
electronics—finds himself contending more and 
more with problems introduced by the increasingly 
high altitudes, high voltages and high heat dissipation 
at which his product or system must operate efficiently. 
Allied to this consideration is the critical problem of 
designing to overcome the forces of shock and vibra- 
tion, temperature and pressure. 

High altitudes mean low air pressure, or no air- 
pressure in the case of satellites. The problem of high 
temperature and of electrical arc-over within electronic 
assemblies in military systems are thereby multiplied 
by a large factor. A solution to both problems has 
been the employment of artificial environments within 
closed volumes. Today the most common of these 
“atmospheres” employ dry air, nitrogen, sulfur hexa- 
fluoride, the fluorochemicals or combination of these 
each with its own characteristics, to provide insula- 
tion and heat dissipation. 

Where an artificial atmosphere is to be maintained 
within a closed volume, gas leakage may be anticipated 
in such apparatus over an extended period of time. 
Some monitoring device is required to signal this 
leakage. 

As will be shown, the only constant factor in the in- 
stance of gaseous artificial atmospheres in enclosed as- 
semblies is the density of the gas in terms of mole- 
cules per unit volume. Some means is required to 
sense, or monitor, the density of the gas with a high 
degree of accuracy despite variations in other condi- 
tions. That is, the monitoring device must sense the 
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number of molecules per unit volume; it may be re- 
garded, in such case, as sensing the weight per unit 
volume. The required signalling device must indicate 
leakage at a pressure value which varies with tem- 
perature. 

An absolute air pressure switch, on the other hand, 
gives an indication at the same specified pressure over 
the entire temperature range. Therefore it is not suited 
to indicating changes in quantity, or total weight, of 
artificial atmospheres whose pressure varies with tem- 
peratures. From this limitation there evolved the re- 
quirement for the gas density switch. 


The Gas Density Switch 


Newark Controls Company of Bloomfield, New 
Jersey, has pioneered a solution with a highly unique 
bellows type switch (Fig. 1, 2). 
is sealed within the bellows, and the exterior of the 
bellows is exposed to the gas in the chamber to be 
monitored. The bellow’s internal pressure then fol- 
lows the external pressure; when the external pressure 


A reference density 


falls below the reference pressure; the switch signals 
this drop. In the event of leakage from the chamber 
the bellows extends far enough to actuate an electrical 
snap-action switch. The switch must be at the same 
temperature as the gas being sensed. Newark Controls 
specially designs, fabricates and tests its own electrical 
switch to provide the controllable uniformity and 
maximum reliability required for these applications. 
Such electrical switches are not generally available. 


B. A. HICKS, P. E. 


President, Newark Controls Co. 


Bloomfield, New Jersey 


Why Density, Not Pressure, 
Should Be Monitored 

Conventionally, gas is monitored in terms of pres- 
sure by such devices as manometers, gauges, or 
switches. In airborne applications and uses where 
temperature varies widely, a re-examination of the 
perfect gas law indicates that a different approach is 
required. 

Air and other gases are distinct from liquids in that 
liquids have a nearly constant volume under all pres- 
sures and temperatures. Under constant volume (as 
would be the case in an enclosed electronic assembly) 
gas pressure increases in equal proportion for equal 
increases in temperature; i.e., PV/T — K, where K isa 
constant. In the area of liquefaction and at high pres- 
sures real gases deviate from this perfect gas law in 
varying degrees. Under most applications, however, the 
majority of gases behave very nearly as “ideal” gases 
or those which follow the gas law exactly. 


Arc-Over Problems 


With the use of gas as an insulator, a potential 
gradient exists in the gas between two electrodes—a 
function of both voltage and distance. When the po- 
tential gradient exceeds a critical value, arcing occurs 
between the electrodes. Electrons traveling in this high 
electric field collide against gas molecules and cause ex- 
citation and ionization of the gas molecules. This 
breakdown voltage is further a function of the particu- 
lar gas and its concentration (which, itself, is a result- 
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Fig. 3. BREAKDOWN VOLTAGE 
characteristic shows a typical vari- 
ation as gas density is decreased. 
Note: the curve reflects a different 
minimum value for each gas. 


ant of pressure-temperature conditions), and of the 
configuration and material of the electrodes. The path 
of the electron flow can be interrupted by a density suf- 
ficient to prevent an electron from gaining enough 
energy in the short distance between molecules to 
break up the gas molecules with which it collides. At 
the other extreme of very low density there are not 
enough molecules with which the electrons may col- 
lide, and consequently no avalanche effect occurs. In 
Figure 3, as gas density is decreased from, say, that 
at standard temperature and pressure, the breakdown 
voltage decreases almost linearly for a time, reaches 
a minimum value and then rises again as the density 
is decreased further. 


For many applications air and nitrogen are suitable 
gases as insulators and heat dissipators. However, sul- 
fur hexafluoride and the fluorochemicals have superior 
qualities in this respect. The former liquefies at 
—62°C at normal sea level pressure of 14.7 psia, the 
more commonly used fluorochemicals at temperatures 
above 50°C. As gases they are superior because of 
their large molecular structure and other specific 
characteristics. The relatively large collision cross- 
section of these molecules extracts energy from free 
electrons in the field, and these molecules have a tend- 
ency to attach electrons and form impotent negative 
ions. Like other gases at higher density, their large 
molecules act as a screen. 


In addition to insulating characteristics, the selec- 
tion of the gas used depends on other qualities. The 
producers of these gases have considerable informa- 
tion available on their use as insulators and heat dis- 
sipators, and only the basic information will be given 
here. The gas must, of course, be non-explosive and 
non-inflammable. Further, it must not decompose 
under breakdown voltages or high temperatures into 
either toxic or corrosive chemicals. 


Under continuous arcing, as with rotary switches 
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Fig. 4. TYPICAL PRESSURE-TEMPERA- 
TURE line of RM-73 Gas Density Switch. 
Solid line shows actual pressures as they 
vary over the temperature range. Dotted 
line, by contrast, represents an absolute 
pressure switch, which actuates at the 
same pressure throughout the tempera- 
ture range. These switches are set to 
indicate a 
sure typica 
at 75°F, 
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Fig. 5. VARIOUS MODELS of the SN-88 Gas Density Switch actuate 


or brushes, sulfur hexafluoride breaks down into lower 
valence fluorides of sulfur, and does not regain its 
original identity. On the other hand, fluorochemicals 
characteristically recombine. 

Also the temperature at which liquefaction occurs 
may be a factor in the selection of the gas used. SF, 
remains a gas at low temperatures—the boiling point 
or condensation temperature being —62°C at normal 
sea level pressure of 14.7 psi. The fluorochemicals are 
normally liquid. One of the most commonly known 
of these is a completely fluorinated cyclic ether manu- 
factured by Minnesota Mining and Manufacturing 
Company under the name FC-75. It boils at sea level 
pressures at about 100°C. 


Designing A Switch For Optimum Performance 


After developing the basic technique of sensing 
molecular densities and engineering a device which 
could properly react within the selected environment, 
Newark Controls set out to solve three major problems 
of designing components for airborne applications: 
Materials to withstand temperature effects; limitations 
of size and weight; and the influence of shock and 
vibration. 


1) Thermal effects on the structure of the unit: The 
temperatures which vary the pressure also affect the 
materials of the switch; for example, by causing the 
metals to expand and contract and changing the 
spring constant of these materials. The selection of 
metals which would counteract or equalize such ef- 
fects was a major design problem. Depending upon 
the temperature range of operations these materials 
are selected from the copper base, stainless steel, or 
heat resisting nickel alloys. 

2) Size and weight limitations: Available space 
and allowable weight in airborne applications are 
rigidly limited. Newark Controls has succeeded in 
producing units which weigh two ounces, are 2-1/32” 


along, or parallel to, any pressure-temperature line from 0.0026 to 
0.0038 Ib-mols/cu-ft (or from 0.028 to 0.041 psia/°® Rankine). Specifi- 
cation of any two points on the required operating line is sufficient 
to indicate the specific actuating requirements of a desired switch. 


in length and 1-5/32” in diameter. Other specifica- 
tions are that the unit be hermetically sealed and that 
insulation resistance be a minimum of 10,000 meg- 
ohms at 500 vde. The electrical rating is 5 amps at 
28 vdc, 110 vac, resistive loading. 

3) Shock and Vibration: The switches must func- 
tion under extreme conditions of vibration and shock 
in excess of those required in standard government 
specifications. Experience gained in producing abso- 
lute air pressure switches which withstand shock and 
vibration, at critical pressures as well as at ground 
level, was carried over to the design of gas density 
switches. 

In this regard, too little attention has been given to . 
the problems of shock and vibration at high altitudes. 
Many switches, both gas and thermal, which exhibit 
excellent performance characteristics under shock and 
vibration tests at sea level, do not necessarily perform 
satisfactorily under the critical pressures at which they 
will be used in airborne applications. Newark Controls 
Company has devoted major engineering effort to 
these problems and has developed highly advanced 
design and test techniques and rigid standards of per- 
formance testing. 


Uses Of Gas Density Switch 

The sub-miniature gas density switch is in use to- 
day in a number of applications, principally in air- 
craft and missiles for protection of personnel and 
equipment. In addition to its function of signalling a 
critical value density, the switch also may be used to 
activate control circuits or systems; for example, it 
may open a valve or start a pump. As one example, 
the Boeing 707 uses a gas density switch (RM-73) to 
monitor the nitrogen atmosphere around the high 
voltages in an enclosed communication antenna 
coupler, where high voltages may arc-over in the 
rarified upper atmospheres. In some missiles employ- 
ing sealed-in artificial atmospheres, the gas density 
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switch triggers a telemetering signal back to earth if 
this atmosphere is lost due to leakage. Other applica- 
tions include vibrating or moving machinery, power 
tubes, coaxial transmission lines, wave guides, X-ray 
equipment and packaged electronic equipment. Ex- 
amples of two of the gas density switch lines will il- 


lustrate their performance characteristics. 

The RM-73, the pioneer gas density switch, is de- 
signed to monitor, at high altitudes, concentrations 
typical of sea level at 75°F. The typical pressure-tem- | 





perature line for this switch is shown in Fig. 4. This | 
unit is designed to operate on a pressure-temperature 
line the same as, or parallel to, the pressure-tempera- 


ture line of 0.0275 PSIA/° Rankine (0.0495 PSIA/° 


Kelvin) ; or on a pressure-temperature line the same 


as, or parallel to, the pressure temperature line of a 
gas having a density of 0.00256 lb-mols/cu-ft (0.041 
gram-mols/liter). The switches can be made to oper- 


ate along the line or parallel to the line with an ac- 
curacy of +0.8 psi over the temperature range of 
—85°F to 200°F. | 

The SN-88 series of gas density switches actuate 
along, or parallel to, any pressure-temperature line | 
from 0.028 to 0.041 psia/° Rankine or 0.0026 to | 
0.0038 Ib-mols/cu-ft—as shown in Figure 5. The ac- | 
curacy of the actuation point for this line of switches 


is also +0.8 psi over the temperature range —85°F 
to 200°F. The differential between the actuation and | 
deactuation pressure is-2 PSI. This switch is em- 
ployed, among other uses, to monitor atmospheres in 
a weapon system while in storage. 

The RM-76, developed for use in the B-58 bomber, 
is a further development of the SN-88, differences be- 
ing its smaller size and operability at temperatures up 


to 400°F (as opposed to 200°F). 





Future Developments 

Under development today are several new gas 
density switches. One is a switch for use in systems 
combining gases and liquids such as SF and FC-75 to 
create an artificial atmosphere. Here the characteristics 
deviate from the perfect gas law. The pressure-tempera- 
ture line in this case is non-linear, following a tem- 
perature characteristic which is dependent upon the 
phase state between gas, vapor and liquid. 


Design is well advanced on gas density switches for 
ground-based equipment, to monitor purposely dense 
atmospheres held around power plant transformers to 
prevent arcing and for heat conduction. Also well 
along is a gas density meter for power plant use. This 
gas density meter will give a continuous visual pres- 
entation of gas density deviations. 

The foregoing examples indicate only a few of the 
many potential applications of this newly developed 
component. Its characteristics suggest its use in 
nuclear and conventional power plants, aircraft, space 
vehicles, and ground based operations where arti- 
ficial environments are required. 
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Wideband Amplifiers Have Extended UHF Range 


Model HFW Amplifier series of wideband ampli- 
fiers developed by Applied Research Inc., of Port 
Washington, N. Y., feature low power drain with 
economy of size and weight. Type HFW Amplifiers 
achieve a bandwidth of more than 250 megacycles in 
the upper UHF range and are used in receiving sys- 
tems as antenna preamplifiers, multicouplers, and 
high frequency IF amplifiers. 
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FIG. |. SINGLE STAGE GAIN vs. Frequency for 
amplifiers of different bandwidths. 
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Typical fields of application are surveillance, high 
definition radars, communication systems, radio di. 
rection finding, spectrum analyzers, multiplexing sys. 
tems, etc., all of which must receive narrow pulses re. 
quiring faithful reproduction of the signal and ampli- 
fication over a wide band of freqeuncy. The low. 
noise characteristics of these amplifiers result in a 
dynamic range of greater than 60 db. This permits 
operation in areas of high signal density. 

Model HFW amplifiers use General Electric Type 
GL-6299 co-planar low noise triodes with multipole 
networks. These networks provide for high gain with 
bandwidths from 250 me to greater than 400 mc. The 
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FIG. 2. NOISE FIGURE vs. Frequency for Broad- 
band and Narrowband Amplifiers. 
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FIG. 3. MODEL HFW Wideband Amplifiers are 
available in panel-mounting chassis or in special en- 
closures for antenna mounting. 


response characteristics of the amplifiers follow 
Tschebycheff behavior with a peak-to-valley ratio of 
| db. Any number of these stages can be cascaded. 
Typical amplifiers use a ladder type network for de- 
riving the 50 ohm impedance, and a resistive network 
to define the output impedance. The standard value of 
VSWR for the input is adjusted to less than 1.5. The 
output VSWR is adjusted to less than 1.75. Typical 
characteristics of two HFW amplifiers are listed in 


Table I. 


TABLE | CHARACTERISTICS, TYPICAL HFW 
AMPLIFIERS 


Model Number HFW-5070-3 HFW-77100-3 
Frequency range 500-775 mc 775-1000 mec 
Gain 30 db 30 db 

Noise figure 6 to 8.5 db 8.0 to 9.5 db 
Peak to valley ratio Less than | db Less than | db 
Zin-Zout 50 ohms 50 ohms 

VSWR input 15 15 

VSWR output 1.75 1.75 

Anode drain 200v at 60ma 200v at 60ma 
Filament drain 6.3v at 2.1 amp. 6.3v at 2.1 amp. 


To assist the system design engineer in his choice 
of amplifier characteristics, Fig. 1, showing the single 
stage gain vs. frequency for amplifiers of different 
bandwidths; and Fig. 2., indicating the range of noise 
figures for typical wideband and narrow band ampli- 
fiers, are shown. 

Standard HFW units work with available antennas 
in the field to provide optimum gain per stage, which 
also results in best noise figure and reliability. Spe- 
cial units providing for a minimum of 100 megacycle 
bandwidth from 600 to 1500 mc also have been built. 
These are of special construction using the same tech- 
niques. 

The anode drain per stage for each unit is 10 ma. 
The filament drain per stage is 375 ma. The standard 
line of amplifiers is supplied with a regulated power 
supply furnishing 6.3 v ac filament and 200 v dc 
anode voltages. The amplifier can be supplied in a 
19” panel (Fig. 3) or in any special enclosure speci- 
fied for antenna mounting or ground equipment in- 
stallation. A variety of designs are available which 


meet all of these applications. 
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BASIC REQUIREMENT 


for outer space 


The space/missile era has made it essential for to- 
day’s components and systems to function precisely 
in environments that are literally out-of-this-world. 
Such stringent requirements can only be met by 
companies long experienced in component design 
and with proved records of imaginative engineering. 
Kearfott, long the leader in servo component design 
and production, has consistently looked into the 
future to anticipate the increased performance char- 
acteristics missile components must supply. As a 
result, it has not only developed an entirely new 
generation of precision components but established 
the ability to create radically new concepts in sensors 
and control elements. 


THE PROBLEM: HIGH ACCURACY 

THE SOLUTION: Synchros with maximum error from elec- 
trical zero of 20 seconds. Tachometers with linearity .05% 
over the speed and temperature range. 








THE PROBLEM: HIGH AND LOW TEMPERATURE 
THE SOLUTION: Servomotors, synchros and tachometers 
are now available for the temperature range of —54°C 
to 200°C with new developments soon to increase the 
range to 400°C. 








THE PROBLEM: RADIATION RESISTANCE 

THE SOLUTION: Kearfott servomotors, synchros and 
tachometers operate at 200°C and can withstand radia- 
tion of 10° through 10” roentgens. 








THE PROBLEM: SHOCK AND VIBRATION 

THE SOLUTION: All Kearfott components can be supplied 
to function as required during or after 20 g’s shock or 
2000 cps vibration. 








THE PROBLEM: MINIATURIZATION 

THE SOLUTION: Size 5 synchros and servomotors. Size 8 
components are outstanding examples of Kearfott’s ability 
to combine miniaturization with precise performance. 








THE PROBLEM: LONG LIFE 

THE SOLUTION: Components are being developed which 
will operate continuously for 12 months in a total vacuum, 
the environment of outer space. 








Representative of Kearfott’s ability to look ahead are 
such current areas of development as Solid State 
Transducers and Control System Components. You 
can take advantage of Kearfott’s long- 
established know how in developing precision 
components for today — and tomorrow — by 
writing for details concerning your specific 
requirements. 


Engineers: Kearfott offers challenging opportunities 
in advanced component and system development. 
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f by TUNNEL DIODE—a new basic semi-con- 
ductor active element—has been announced by 
its developers, the General Electric Research Labora- 
tory, Schenectady, N. Y. and Advanced Semiconductor 
Laboratory at Syracuse, N. Y. Because of the funda- 
mental nature of the principles involved and its high 
potential value to the industry, The General Electric 
Company has announced that it will make a limited 
number of developmental tunnel diodes (Fig. 1) avail- 
able to researchers outside their own laboratories as 
early as September or October 1959. These will be 
priced at about $75 each, comparable to transistors 
doing the same job. Because they will be hand-made, 
the price cost when production techniques are per- 
fected is expected to be considerably lower, reflecting 
the simplicity of the new device. 

Briefly, the tunnel diode, based on an effect first 
reported by Japanese scientist Leo Esaki in 1958, 
operates on a different principle from a transistor, of- 
fering advantages that cannot be claimed by a tran- 
sistor. It takes its name from the physical phenomenon 
that makes its operation possible: “quantum-mechanical 
tunneling”, which describes the manner in which the 
electrical charges move through the device. Such mo- 
tion takes place at the speed of light, in contrast to 
the relatively slow motion of electrical charge carriers 
in transistors. 

Such high speeds make it possible for the tunnel 
diode to operate at extremely high frequencies. Oscil- 
lation frequencies higher than 2000 mc have already 
been attained, matching advanced transistor perform- 
ance, and frequencies of more than 10,000 mc are 
expected in the near future. This speed also suggests 
use of the diode in computers. Used as switches, tunnel 
diodes have functioned in a fraction of a milli-micro- 
second—from 10 to 100 times as fast as the fastest 
transistor. 

It is also more than a thousand times as resistant 
to the destructive effects of nuclear radiation. This is 
because it is less dependent on the structural perfec- 
tion of its crystal than is the transistor. 

Already smaller than a transistor (Fig. 2) and 
capable of more shrinking because of its simpler struc- 
ture, it is little affected by environmental conditions. 
A silicon tunnel diode will operate efficiently at the 
temperature of liquid helium, at room temperatures 
and up to temperatures as high as 650°F. Conventional 
silicon transistors will not operate above 400°F. 


As an electrical circuit element, the tunnel diode 
exhibits a unique combination of properties including 
that of “negative resistance” over a part of its oper- 
ating voltage range. These characteristics qualify it as 
an amplifier, a generator of RF power and a switching 
device. The simplicity of this device should speed 
the realization of “integrated circuits”, in which en- 
tire circuits for certain applications may be formed 
on a single semiconductor structure. Superior to vacu- 
um tubes and transistors for applications in low-noise 
amplifiers and mixers, it is now slightly noiser than 








FIG. 1. TUNNEL DIODE in closeup. Connecting 
wire at left leads to alloy which is soldered to a 
germanium crystal (dark area). The crystal, in turn, 
is soldered to a rectangular base plate which constfi- 
tutes the other connection. 






FIG. 2. TUNNEL DIODE TRANSMITTER consists of 
one variable and two fixed ceramic capacitors, coil 
and tunnel diode enclosed in “can” in center. 
Operating frequency may be higher than | kme. 


Tunnel Diode Uses New Basic Principle— 
Heralds Advanced Semiconductor Era 


masers and low-temperature parametric amplifiers but 
much more simple in that it needs no cryogenic system 
or external frequency pump. Substantial improvement 
in characteristics presently realized by the tunnel 
diode are naturally anticipated. 


A New Basic Principle 

The tunnel diode differs from a transistor in that 
it makes use of only one junction region. In the tunnel 
diode this region is very much thinner than in tran- 
sistors. This enables the electron, instead of slowly 
diffusing across the base region, to apparently “tunnel” 
the barrier if a slight bias potential is applied. As this 
bias is increased, the initial current flow, called the 
Esaki current, falls off until considerably more bias 
voltage is applied. The diode valence band gap under 
the influence of an increasing bias is shown in the 
series of drawings in Fig. 3. The normal voltage- 
current characteristic of the tunnel diode is shown 
in Fig. 4, with points numbered to correspond to the 
bias states shown in Fig. 3. 

The slope from 1 to 2 in Fig. 4 will be recognized 
as a positive resistance curve. In this region, additional 
voltage must be applied to force more current through 
the junction. On the reverse slope near point 3, a 
“negative resistance” effect is shown. Here a decrease 
in voltage leads to an increase in current, and in this 
region the diode acts as a generator. 

The origin of the Esaki current can be qualitatively 
understood by considering the characteristics of a con- 
ventional p-n junction diode as one goes to higher and 
higher concentrations of free carriers in the semi- 
conductor crystal. As one increases the density of the 


charge carriers, reverse breakdown voltage decreases. 
One might think that there would be a limiting case 
when the reverse breakdown voltage was reduced to 
zero. This is not correct, however; the limit is deter- 
mined by the solubility of the impurities which de- 
termine the carrier concentrations. Experiments have 
shown that one can dope many semiconductor materi- 
als more heavily than is needed to reduce the break- 
down voltage to zero. If one does dope more heavily, 
the diode can still be in reverse breakdown condition 
at a slight forward bias. When a larger forward volt- 
age is applied, the diode goes out of the reverse break- 
down condition and the current falls to a small level. 
The reverse breakdown current that flows with a for- 
ward applied bias is the Esaki current. Semiconductor 
materials exhibiting the Esaki effect include silicon, 
germanium, gallium, arsenide, gallium antimonide, and 
indium antimonide. 


Possible Applications for Tunnel Diodes 

Like transistors, the many uses for tunnel diodes 
cannot be satisfied by a single unit. GE engineers en- 
vision a whole family of tunnel diodes comprised of 
specialized oscillators, mixers, amplifiers, switches, 
drivers, detectors, converters and rectifiers. 

The rapid transit of electrons in the tunnel diode 
promise to make possible its use as an oscillator in 
the UHF and SHF region, altho it is expected to 
provide as high power outputs as the magnetron. At 
the present, oscillations of 2 kmc are realized; 10 kmc 
oscillations are expected in a few years, equaling 
masers and triodes; with 100 kc oscillations expected 
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FIG. 3. TUNNEL 
DIODE Junction at 
various bias conditions 
shown above corre- 
spond to numbered 
points on current-volt- 
age curve, Fig. 4. 








(2) Electrons on right side are 
raised until they are opposite 
empty states on left side. Strong 
"tunnel" current flows from right 
to left. 








(4) Electrons are all opposite "for- 
bidden gap". Very small current. 


Conduction bond edge 





Electron 
Energy 








Distance ———>— 








(1) With electron energy level the 
same on both sides of junction, no 
net current flows. 





(3) Electrons on right are raised 
still farther. Some are opposite 
"forbidden band gap", some op- 
posite empty states. Current de- 
creases. 








(5) Electrons raised until they spill 
over barrier. Current increases. 














Fig. 3. 





FIG. 4. CURRENT VOLTAGE Curve for tunnel 
diode. Numbered points correspond to states in 
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MAGNETOSTRICTION is that character- 
istic of certain materials to change length when 
placed in a magnetic field. Such change initi- 
ates a shock wave which is propagated at the 
speed of sound in that material, computed by 


v= E 


Pp 


jn which V = the velocity of sound in a medium 


E = Young’s modulus (different for 
each material, but standard for 
any given material 


p = density of the material 


DELTIME delay lines are designed around a 
nickel or nickel-iron alloy core with one or 
more pickup coils set at precisely calibrated 
distances along that core to serve as outputs 
for extra-accurate time delay intervals. In cores 
as used in DELTIME equipment, the speed of 
sound is approximately 10,480 feet per second, 
corresponding to 5.25 ysec/in. of path length. 
The constancy in the sound velocity of the 
metal used permits DELTIME to design delay 
lines with accurate settings from 1 psec to 
several milliseconds. 


Standard and Special Models... 


Standard models are available in fixed, semi- 
adjustable and fully-adjustable designs to meet 
usual requirements. Such models can be modi- 
fied to meet unusual requirements. DELTIME 
also develops, designs and builds special units 
to meet exceptional needs. 





Examples of Standard Units... 


Model 103 Adjustable Delay Line is a basic or 
general-purpose magnetostrictive unit for lab, 
shop or field work. Features continuous varia- 
tion of delay; medium impedance; insensitivity 
to temperature variations; ruggedness; small 
size. Can be provided with up to 20 pickups. 
General applications include high access rate 
temporary storage for computers; time or fre- 
quency determining elements of passive nature; 
digital circuitry and registers. 


BASIC FACTS ABOUT 
DELTIME MAGNETOSTRICTIVE 
DELAY LINES 










oe 





Model 118 is an adjustable laboratory-grade 


magnetostrictive delay line designed for rack 
mounting but also used as a bench unit. Devel- 
oped primarily for setting up codes or providing 
sync signals or time slots in computers. Infi- 
nitely variable, making it valuable for compen- 
sating time delays in associated circuitry. With 
10 pickups, standard; up to. 50, special. 


Example of Special Models... 


Here is a servo- sab * 
driven delay line 
offering acon- | 
tinuously adjust- ~~ 
able range of © 
from 3 to 400 
usec for use in 
missile tracking. 
Motor-driven 
worm-screw 
shaft precisely 
moves and posi- 
tions output coil 
along entire 
length of mag- 
netostrictive ele- 
ment to provide time-delay constant. Instrument 
is capable of simulating flight of missile to 
outer space and return to earth, in terms of time. 





Constant Refinements... 


DELTIME means constant refinements such as 
improved temperature stability; greater storage 
capacity in smaller equipment; housings in spe- 
cial contours; unusually high signal-to-noise 
ratios; polarity sensitivity to distinguish be- 
tween positive and negative input pulses. 


Special Engineering... 


Since delay-line requirements are usually cri- 
tical, DELTIME engineers either at headquarters 
or in the field are prepared to discuss your prob- 
lems and furnish specific recommendations. For 
detailed information on available models, or the 
location of your nearest DELTIME representa- 
tive, write or ‘phone... 






DELTIME INC. 


139 Hoyt St., Mamaroneck, N. Y. 
OWens 8-5800 
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“PIG-TAILOR”® 





No accessories 


J minute setup 125-00 


‘*PIG-TAILORING’’ 


@ revolutionary new mechanical process for 
higher production at lower costs. Fastest 
PREPARATION and ASSEMBLY of Resistors, 
Capacitors, Diodes and all other axial lead 
components for TERMINAL BOARDS, PRINTED 
CIRCUITS and MINIATURIZED ASSEMBLIES. 


PIG-TAILORING eliminates: + Diagonal cutters 
e Leng nose pliers « Operator judgment + 90% 
operator training time «+ Brok ts « 
Broken leads «+ Short circuits from clippings . 
65% chassis handling + Excessive lead taviness 


e Haphazard assembly methods. 


PIG-TAILORING provides: « Uniform component 
position + Uniform marking exposure «+ Minia- 
turization spacing control « ‘'S'' leads for termi- 
nals « *'U"’ leads for printed circuits « Individual ‘ 





e Closer cost control +» Invaluable labor saving 
« Immediate cost recovery. 








Pays for itself in 2 weeks 






“S§PIN-PIN’’® 
Close-up views of 
““SPIN-PIN'’ illustrate 
fast assembly of 
tailored-lead wire to 
terminal. 

*® No Training 
No Pliers 

No Clippings 
Uniform Crimps 
22 Sizes 

PAYS FOR ITSELF 
THE FIRST DAY! 


$500 


Write for Illustrated book to Dept. MS-9 
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cut and bend lengths + Better time/rate analysis | 
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to eventually exceed the capabilities of traveling wave 
tubes and klystrons, and to equal frequencies attain- 
able by magnetrons. 

Minimum power requirements are only one thou- 
sandth that required by transistors. Table I compares 
the power needed by the tunnel diode with minimum 
requirements of other types of oscillators. 

In the field of low noise amplification, only masers 
and parametric amplifiers can compete with tunnel 
diodes. While they are now quieter, the tunnel diode 


TABLE |. TUNNEL DIODE 
COMPARED WITH OTHER DEVICES 


Max. Oscillation Min. Power 


Amplification 
Frequency in Requirements 


Noise Temperatures 


Device kilomegacycles in watts in degrees K. 

Tunnel diode 2(10 to 0.00000! 100° to 300° 
100 expected) 

Transistor 0.001 3000° 
Parametric 35°(room temp 
Amplifier 6 10. 20°(in cryostat 
Vacuum triode 10 0.1 900° 
Maser 10 400 20° 
Travelinn 
Wave Tube 60 10. 300° 
Klystron 75 10 300° 
Magnetron 100 20 —_ 


needs only a battery while additional sources of RF 
power are needed by the other two, also cooling cryo- 
stats and a bias magnet are required for the maser. 
The ultimate “wrist-watch” two-way radio will prob- 
ably use a tunnel diode, as will sun-powered satellite 
communications systems. 

Computer applications are considered certain be- 
cause of the tunnel diode’s rapid action, its indiffer- 
ence to high and low temperatures, radiation tolerance, 
low power requirements, smaller size, lower cost, sta- 
bility and rugged reliability. Miniaturized versions of 
more intelligent electronic brains will be practical for 
assistance in making decisions at military tactical lev- 
els, as distinguished from logistical and _ strategic 
studies now possible at Defense Department levels. 

As a current switch the tunnel diode can be used 
both as a warning device actuated when some specific 
thermal or electrical situation is encountered, or can 
control by switching current to some other unit. Be- 
cause it is radiation tolerant it should make possible 
more reliable control of nuclear reactors aboard mili- 
tary ships and aircraft. 

The operational voltage of the tunnel diode is very 
low, making its use as a dc-to-ac converter to match 
the output of thermocouples, thermionic converters and 
solar cells very important. 

The applications which have been suggested will 
probably rank second to other developments which 
will inevitably grow from the new combination of ca- 
pabilities which the tunnel diode will make available 
to alert design engineers. 
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2 Pole PDM Telemetering Commutator 


in newly designed miniature case © 












weighs only 1.8 Ibs. — 


f Designed and built for Missile 





| ' 2S YG fe is, Rocket and other oe ap- 
Pb 500602 ny. plications, the sampling system 
| 5 ae x 4% is hermetically sealed to with- 
| “..” stand space, explosive and | 
| oy 4 »°¢ @irborne ambient conditions. 
| #1 Pole 45 BBM contacts, 90% nominal duty cycle ) 
| #2 Pole 45 BBM contacts, 60% nominal duty cycle 
Phasing — Pole #2 lags te #1 by 50 micro- 
| seconds minimum i 
Standards: Military MIL-E-5272, MIL-I-6181B a 
Temperature. . . Operating, —20°F to +185°F Le 
Altitude . . . . 010 100,000 feet _ : 
Vibration. . . « 05 g’ per cycle per second; 20-2000 cps random; 
5 minutes each on 3 axes oe 
Shock . . . . . 100g, 10 millisecs, sawtooth, six directions i 
Acceleration . . . 45g for 2 seconds in six directions ho 
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100 hours guaranteed; 500 now's separ, 


Boa be apognalantaoga ig ae 


500 volts, 60 cycle a.c., 1 min. each lead to ground 
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Complete specifications and drawings available 


on Technical Bulletin No. 500602 


INSTRUMENT DEVELOPMENT LABORATORIES, INC. 


Subsidiary of Royal McBee Corporation 


54 MECHANIC STREET, ATTLEBORO, MASSACHUSETTS, U.S.A. 
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Custom-designed to 
0.E.M. specifications 


@ Power ratings up to 500 


@ Conversion efficiencies up 
to 85% 

@ Operates at temperatures 
up to 85° C. 

@ Regulation up to 1% 

@ Meets Military require- 
ments for radio interfer- 
ence 








Call or write today for complete 
engineering drawings and specifications. 


STANDARD'S new transistorized DC to DC CONVERTER power 


source offers the optimum in reliable performance. Custom-designed 
to your individual requirements, the Series ‘200’ is produced to 


| 
| 
| watts 
| 
| 





STANDARD'S exacting quality controls. The unit is designed to meet 
Military Specifications. 


STANDARD ELECTRONICS COMPANY 


1611 West 63rd Street * Chicago 21, Illinois * PRospect 8-4222 
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FIG. 1. SINGLE-STAGE Linde nitrogen 'feedback'’ 


regulator. 


Overcoming A Problem 
in Rocket Fuel Systems 


ASEOUS NITROGEN is used in many rocket- 
i. motor fuel systems for pressurizing fuel tanks 
in order to force fuel from the tanks into the com- 
bustion chamber. Since the volume of gas needed to 
pressurize the tank or tanks will increase as the 
amount of fuel in the tank decreases this creates a 
design problem in gas regulation. The ratio between 
minimum and maximum flow rates of gas may be as 
great as 10 to 1 and engine design usually requires 
that the fuel tank pressure remain relatively constant 
regardless of the change in flowrate. With standard 
regulating equipment it would require a complex ar- 
rangement of valves and connections to achieve the 
necessary regulation. Since space and weight are ex- 
tremely vital elements in missile systems some method 
of automatic regulation that did not involve the use 
of unnecessary weight- and space-wasting valves and 
fittings was needed. 

Linde Company, Division of Union Carbide Cor- 
poration, New York 17, N. Y. has solved this problem 
by developing extremely small and lightweight regula- 
tors with a built-in automatic “feed-back” system. 
Single-stage models (Fig. 1) have minimum delivery 
pressures up to 1000 psi and two-stage models (Fig. 
2) up to 500 psi. Normally, when gas flow is increased 
the pressure drop through the feed lines causes a 
change in the fuel tank pressure even though the regu- 
lator delivery pressure remains constant. Rather than 
control the pressure at the remote regulator location. 
these unique units developed by Linde regulate the 
pressure at the point of use. In addition to the usual 
inlet and outlet connections a special “feed-back” con- 
nection is made to the fuel tank. (Fig. 3) This length 
of tubing enables the regulator to sense the fuel tank 
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FIG. 2. TWO-STAGE Linde nitrogen regulator. 


A. L. BAJART 


Linde Co., 
Div. of Union Carbide 
Corp. 


pressure and automatically vary the delivery pressure 
to maintain a constant pressure in the fuel tank. 

No metal-to-metal seals are used in the regulators. 
Diaphragms are made from a special low-temperature 
“exotic” plastic. Seating materials used depend on 
the type of service the regulator is intended for and 
are available in a variety of materials including 
stainless steel, nylon and Kel-F. All springs in contact 
with the gas are sturdy stainless steel and all regula- 
tor bodies, caps, and other internal parts are light- 
weight aluminum. 

All of the new regulators have excellent discharge 
characteristics, unusual sensitivity, and virtually un- 
limited service life. Laboratory cycle tests to 50,000 
cycles have been successfully completed and the regu- 
lators have been temperature tested from —65°F to 
160°F with no appreciable loss in sensitivity. 

Linde’s “feed-back” design allows faster pressure 
build up in the fuel tank. At the start of a flight. 
fuel tank pressure can be built up in less than half 
the time required using conventional regulators (Fig. 
4). 

In actual performance tests of a two-stage regulator 
suitable for inlet pressure as high as 8000 psi, the 
inlet pressure was changed from 4000 psi to 200 psi 
and the flow was reduced from 1400 cfh to 300 cfh. 
Under these conditions the total change in fuel tank 
pressure was less than 5.5 psi. In tests with a single- 
stage “feed-back” regulator with a flow of 200 cfh 
the fuel tank pressure was 57.5 psi; with no further 
adjustment to the regulator the fuel tank flow was 
increased ten times to 2000 cfh. In spite of this tre- 
mendous increase in fuel tank flow the total change 
in fuel tank pressure was only 3.5 psi for a resulting 


FIG. 3. LINDE "FEEDBACK" regulator drawing 
shows inlet connection on the left and the outlet 
connection on the right. The 'feedback" tubing is 
the middle connection at a right angle to the inlet 
and outlet connections. 


FIG. 4. SINGLE NITROGEN supply with one two- 
stage Linde regulator is used to pressurize both the 
fuel and oxidizer supply. The feedback line running 
from the regulator to the oxidizer and fuel tanks 
will sense any deviation in the pressure in the tanks 
and automatically vary delivery pressure to main- 
tain a constant pressure on the tank. 


LivoE 
REGULATOR 
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GAS SUPPLY 
FEEDBACK LINE 


OX/IDIZER 





ANGE - 


fuel tank pressure of 54 psi. This represents exception- 
al performance since the 2000 cfh was being delivered 
through 3/16” I.D. tubing connecting the regulator 
to the fuel tank. 

Although Linde Company makes a complete line of 
“feed-back” regulators with varying specifications, the 
regulators described here are designed to meet the 
following specifications. 





Two-Stage Single-Stage 
Regulator Regulator 
Maximum Inlet Pressure (psi) 8,000 4,000 
Proof Pressure (psi)* 14,000 6,000 
Minimum Burst Pressure (psi) ** 14,000 6,000 
Maximum Delivery pressure (psi) 500 1,000 
Approximate Maximum Flow 
(cfh at NPT)*** 5,000 2,000 
Weight (ounces) 30.4 14.5 
*no external leakage or permanent deformation up to this 
pressure 


**no rupture of external parts up to this pressure 


***depends upon inlet and delivery pressure 
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FIG. 1. ULTRASONIC GENERATOR and tank are 


components of rapid, efficient cleansing system. 


Silent Sound Cleans in Seconds 


ultrasonic cleaning unit 
cleans five tons of parts per 
hour. 








FIG. 2. CONVEYORIZED “ —a— | | ie 










BENSON CARLIN, Executive Vice President and Technical Director, Circo Ultrasonic Corp. 
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Te development of long range and specialized cavities or blind holes, Moreover, this often can be quantities of delicate parts, to great transducerized 
missiles has brought many new problems to done without the use of expensive cleaning solu- automatic ultrasonic degreasers which can _ handle ‘ 
the engineer and manufacturer. This is especially true tions, but merely with water-soluble detergent ma- thousands of pounds of metal an hour (Fig. 2). The ns 
since the smallest particle of dirt may mean the dif- terials. The penetrating cavitation cleans delicate in- smallest units are commonly used in the jewelry altl 
ference between the successful launching of a space struments without need for complete disassembly and and watch cleaning industries, and in the missile on 
vehicle and a failure on the launching pad. In in spite of its efficient cleansing power will not erode field for the cleaning of meter parts, gyros, etc. Large eo 
missile technology there is no room for half meas- the material to be cleaned. Whenever necessary to installations have been made for major producers fon 
ures and it is not enough to say that parts are avoid wetting, hydrocarbon or other fluids can be such as General Motors for the cleaning of steering de 
almost clean. An invisible film of grease in a valve used with equal safety. wheel assemblies, automatic transmissions and missile q 
may cause a liquid oxygen line to explode; a stray The ultrasonic system consists of two components, control apparatus. These larger units are usually in- sile 
grain of dust may introduce fatal error into an the generator and the tank (Fig. 1). The generator dividually designed to meet a customer’s requirements eal 
inertial guidance gyro. produces electrical oscillations which are used to (Fig. 3). the 
Luckily, the cleaning problem has been largely drive the transducer into vibration at an ultrasonic In addition to the equipment itself the cleaning the 
solved by the development of a new science, Ultra- frequency. These vibrations produce the ultrasonic liquids must be considered as part of the system. ! 
sonics. Within the last few years, ultrasonics has waves which travel out into and through the liquid This may be plain or distilled water, or water mixed hig 
progressed from a laboratory curiousity to a “White to clean the part. with detergents. It may be solvents of any of the Mo 
Room” technology. Basically, it consists of the gen- The transducer is housed in a stainless steel case types used in ordinary cleaning. In many cases the _ 
eration of high frequency oscillations above the or cover, or is sometimes incorporated into a tank cheaper and less toxic water solutions may be sub- a 
range of normal human hearing, which travel through in which the part to be cleaned is immersed. Trans- stituted for toxic or costly solvents. ! 
a liquid and cause a phenomenon known as cavitation ducers may use piezoelectric crystals to produce the The selections of suitable equipment and solvent one 
or cold boiling in the liquid. oscillations, or they may be made of nickel or other is determined by the number and size of units to on 
Cavitation is characterized by the formation and magnetostrictive materials. For general use, the crystal be cleaned; the power required, the cleanliness de- the 
collapse of millions of tiny bubbles which violently transducers are more practical, although in some sired and many other factors. Today most acceptable oh 
scrub the surface of any material which is placed specialized cases magnetostrictive types have some ad- equipment operates between 20 and 60 kilocycles, with ese 
within the liquid. Powerful cavitation will degrease, vantage. either pulsed or continuous vibrations. Pulsed equip- ult: 
clean, and even remove radioactive contaminant from Ultrasonic equipment covers the range from small ment is cheaper to construct and does just as satis- nee 
materials, even when those materials contain tiny laboratory units which may be used for cleaning small factory a job in most cases. The pulsing is caused - 
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by operating directly from the ac line current in- 
stead of rectifying it. 

The cleaning procedure is extremely simple. The 
ultrasonic unit is operated about 10 minutes to de- 


gas the cleaning solution. The material to be cleaned | & INTE = Cc oO U | dl | > 34 vy | | > A fy U 34 | > % Bete | 


is placed in baskets, or hung from wirehooks, and . 

immersed in the ultrasonic tank for a period of time Pa e Instruments for Industry 

determined by the application, usually a fraction of , 

a minute. After the treatment it is removed and rinsed 

and dried. 3 The I.F.1. “Menagerie Series’’, 
In some cases pumps and filters are installed for 7 ER ee : 

recirculating the liquid, and removing the soil from it. * ; familiar to most electrical engineers, 


graphically illustrates the 
contributions made by I.F.I. to this 
exacting field of countermeasure 


DABLE: One. engineering upon which our 
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ove. MPOimnan ca, very survival may well depend... 





FIG. 3. "WHITE ROOM" circosonic cleaner de- 


signed fer super-critical industrial, laboratory and 
medical areas. 





The most common frequency used today in ultra- 
sonic cleaning systems is 40 kilocycles per second, 
although systems using other frequencies have been 
constructed. On the basis of industry experience, this 
frequency seems to be excellent. In general, higher 
frequencies do not clean as well, while lower frequen- 
cies tend to produce annoying audible noises. 

The applications of ultrasonic cleaning to the mis- 
sile field are twofold: First, in the cleaning of mechan- 
ical parts directly used in the missile; and second, in 
the cleaning of electronics and other parts used in 
the missile guidance system. 

Among the mechanical missile parts are armatures, 
high pressure tubing, gyros, synchros and servos. 
Moreover, there are small castings and machined parts 
used in the structure itself which can be cleaned, 
as well as bearings, etc. 

Among the electronic and electrical parts are items miarged Pe 0 
such as resistors, meters, relays, electronic tubes, erie” aN" 
transistors, printed circuits and potentiometers. With 
the trend in electronic production consistently toward 
subminiature conformations in both components and 


assemblies, the gentle yet thorough cleansing action of INSTRUMENTS FOR INDUSTRY, Inc. 


ultrasonics is filling a unique and rapidly growing 101 NEW SOUTH ROAD HICKSVILLE, L. I., N. Y. 


need Graduate engineers with two or more years of circuit application in the fields of electronics or physics are invited to meet with 
- Mr. John Hicks In an informal interview or send complete resume to: Dir. Personnel,!.F.1.,101 New South Road, Hicksville, New York 
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New Developments In Continuously Variable 
Ultrasonic Delay Line Systems 


Applications 


Features 
Doppler Simulates actual range conditions 
Radar Si 
imulates doppler return 
Calibrator ad 


Simulates target velocities to 20,000 ft/sec. 





Countermeasures Measures time differences to .010 usec 


Applications Relative delays from zero usec obtainable 


Gestion Infinite resolution 
ia) 
- person curt 
prore ce: PRF Adjuster Slaves PRF to another radar 
cle? 


Adjust time base of system 


Provides variation at end of long delays 











OTHER PRODUCTS 


Solid Ultrasonic delay lines \4 Tapped ultrasonic delay lines 


4 Proportional transistorized o/ Fre and pot Colay empihors 


temperature controllers VY Servo design 





ANDERSEN LABORATORIES, INC. 
501 NEW PARK AVENUE + WEST HARTFORD, CONN. + ADams 3-4491 
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An engineering report summary of the design, “ 
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construction and performance characteristics 
of a high-temperature delay line for geophysical T 
research illustrates similar procedures applica. 
ble to military problems. The bulk of the work = 
outlined herein was carried out while the author Ba 
was employed at Epsco, Inc., Cambridge, Mass, 
ty} 
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NSTRUMENTATION for geophysical observation 

is often called upon to operate under conditions 
exceeding even the most rigorous limits specified by 
the military; this in turn places exacting demands on 
the engineer responsible for the design of components 
to be used in such apparatus. In this report the ap- 
proach followed in the design of a delay line to be 
used under stringent temperature conditions will be 
reviewed; at the same time the results of extensive 
tests on a iron powder core material designed for 
high temperature use will be presented. 

Specifications for the delay line were as follows: 
Total delay: 200 usec +1% over an operating tem- 

perature range of —18°C to 200°C 
Impedance: 1000 ohms +10% 
Bandwidth: 70 Ke 

The line was to be of the lumped constant, m-derived 
type; a total of 50 sections was chosen in order to pro- 
vide the required bandwidth, proper consideration 
being given to the heavy losses to be expected as the 
result of the elevated operating temperatures. The 
component values Cyection ANA Lyection Were found by 
the formulas: 

C, = D,/Z (1) 

L, = D,Z (2) 
to equal, respectively, 4000 pyF and 4 mH. Inasmuch 
as an inductor of this magnitude wound on an air 
core would require a considerable amount of wire 
and would therefore exhibit a large resistive compo- 
nent—and hence a low Q—a high permeability core 
was deemed mandatory. 

Available ferrites were ruled out owing to their low 
Curie temperature and high temperature coefficients 
of permeability, but a powdered iron core was ex- 
pected to perform satisfactorily over the required tem- 
perature range, provided the iron particles were em- 
bedded in a binder that would remain chemically and 
physically stable. One material which appeared to 
fulfill these requirements was Pyroferric’s P-6416, 
which consists of Carbonyl E! powder embedded in an 
epoxy binder reported to be stable to 210°C. Since no 
performance data for the material were available, 
save the results of some tests carried out on the iron 
powder at frequencies far beyond those of interest for 
the present application®, a thorough evaluation was 
undertaken. 

Toroidal samples of the following dimensions were 
cut: O.D. 34”, 1.D. 4”, and height 15/64”; 100 turns 
of +32 AWG double Teflon* covered wire were then 
wound thereon. The inductors were then placed in a 
modified crystal oven with variable temperature con- 
trol. Temperatures were monitored both with a mer- 
cury thermometer and by resistance measurements on 
the test samples. Inductance was measured by a reso- 
nance method, as illustrated in Fig. 1. 


Results 
The earliest observable effect of temperature cycling 
on the powdered iron core inductor is an irreyersible 


ESIGN eptember-October, 1959 





INDUCTANCE (1H) 


drop in inductance believed due to the relaxation of 
the winding and to the relief of the pressure exerted 
on the core by the winding. If the core be stripped, a 
new winding provided, and the short temperature 
cycle be repeated, a similar response is observed. This 
effect is evidenced after a single temperature cycle, 
even of short duration (2 hours from room temper- 
ature to 200°C). 

Following this first cycle, the core appears to be 
stabilized; the temperature coefficient of inductance 
(or of permeability, since L is a linear function of 
#) is about 320 ppm/°C. If, however, a long high- 
temperature cure is undertaken (600 hrs at 200°C), the 
inductance increases linearly as a function of time up 
to the 200th hour, then levels off and remains constant. 
This effect is postulated to result from the disintegra- 
tion or evaporation of unstable or volatile substances 
in the binder, with a resultant shrinkage of the ma- 
terial and a closer packing of the iron particles. The 
results of these tests are presented graphically in 
Figs. 2 to 4. 


Design of the Temperature-Compensated 
Delay Line 

Following the completion of this evaluation, the 
selection of a suitable capacitor to achieve the de- 
sired temperature stability was undertaken. Three 
capacitor types were found which were designed for 
operation up to 200°C: glass, Teflon, and vitreous 
enamel dielectric. Of these the Teflon type has a nega- 
tive temperature coefficient, whereas both glass and 
vitreous enamel capacitors have positive coefficients 
of roughly equal magnitude (about 120 ppm/°C). 
The positive coefficient of the latter two types of ca- 
pacitors closely matches in value the negative coeffi- 
cient of the P-6416 material; hence no additional tem- 
perature compensation is required. 

The delay line was constructed with toroids of the 
following dimensions: O.D. 1.0”; I.D. 34”; H. 14”; 

















; a — 
74 7 

72 

70 























100 200 300 400 500 


TIME IN HOURS 


tusompensated Delay Network for Geophysical Exploration 


the wire used for the winding was #33 AWG quad- 
ruple Teflon. 

Vitreous enamel capacitors were selected in prefer- 
ence to glass capacitors for mechanical reasons. All 
electrical connections were carefully soldered with a 
rosin-fluxed tin-antimony solder (melting point about 
250°C). After assembly the line was wrapped in sili- 
cone glass tape and varnished. The completed assembly 
was of cylindrical shape with a diameter of about 
2.5” and a height of about 20”. 

Performance data for the completed line are shown 
in Fig. 5. A delay stability of better than 1% was 
achieved over a temperature range of 240°C. Repeated 
cycling from one temperature extreme to the other af- 
fected neither the mechanical characteristics nor the 
electrical performance of the device. 


» Pyroferric Company, Brooklyn, N. Y. 

* Antara Chemicals Div. of General Aniline and Film Corp., 
Carbonyl Iron Powders Catalog 

*” DuPont trademark 
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Fig. 4. Temperature vs inductance curve of cured 
high-temperature inductor shows a minimal drop in 
industance from room temperature to just below the 
Curie point. 
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Fig. 3. Increase in inductance is effect of evaporation 
of volatile binder substances and resultant shrinkage of 
core during 600 hr cure at 200°C. 


Fig. 5. Delay characteristic of completed line is substantially 
flat from 20° to 120°C. ws > 
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Headquarters for 


HIGH POTENTIAL 


Testing 


INSULATION BREAKDOWN 
DIELECTRIC STRENGTH 


Every over-potential test need 
from the generator to the ap- 
pliance motor... is met by a 
HYPOT® 


Model 5500 
Typical Mobile 
HYPOT® provides 0 
to 120 kv d-c at 5 ma. 
More compact and 
easier to use than 
equivalent a-c test 
sets. Lower in cost, 
too. 


10 KV Testing 


| 150 KV Testing 


Mobile HYPOT* 


Non-destructive testing of 
power cables, generators, and 
insulators with AC or DC test 
potentials to 150 KV. New DC 
Mobile HYPOT™ is easier to 
handle, cuts costs. Write for 
bulletin “Mobile HYPOT*” 


30 KV Testing 
Bench HYPOT” 


Models available with AC or 
DC test potentials from 5 to 
30 KV. Widely used for insula- 
tion testing of cables, distribu- 
tion equipment and heavy duty 
motors, j 


Portable HYPOT Jr.” 








Delay Line Used In 
Target Simulation 


Target simulators for doppler radar calibration and 
other applications make use of a new variable ultra- 
sonic delay line having a continuous variation from 
100 to 300 miscroseconds, according to the manufac- 
turer, Andersen Laboratories, Inc., of West Hartford, 
Conn. Target velocities up to 20,000 feet per second 
have been developed. 

The solid (quartz) variable delay line can be used 
to: 

1. Simulate a moving target at some prescribed 
velocity, as in testing pulsed doppler radar systems 
where both correct doppler frequency shifts and 
actual range information is required (See Figure). 
2. Adjust the repetition rate of a radar to some pre- 
determined desired point, as is used in video integra- 
tors of certain radar systems. In air traffic control 
systems, an Andersen variable delay can be used 
to adjust the p.r.f. to improve mutual interference 
by 6 to 15 db. 

3. Provide for generating a variable delayed trigger 

free of jitter. 

4. Adjust the delay of one channel very precisely 

to that of another. 

5. Measure difference in delay or two or more 





MOLDED : 
MAGNETIC AMPLIFIERS - 


AIRPAX 


_ THE MOST RUGGED, ACTIVE CIRCUIT ELEMENT YET DEVISED! 


The advanced over-potential 
tester that enables anyone to 
make high potential breakdown 
tests. Separate lights indicate 
excess leakage current and in- 
sulation breakdown. Available 
with test voltages from 1500 v 
a-c to 10000 v a-c. 


INSULATION 


signals very precisely. 
6. Act as a component in a wide-range ultra-stable 
variable frequency oscillator. 


Model 412 


Materials 
Tester 


3 
J 
f 


FASTER RESPONSE, WIDER DYNAMIC RANGE — 
Model art | pon 


4501 


Materials 
Tester 


DOPPLER FREQUENCY SHIFT and correct range Unlimited! 


for pulsed doppler radar simulation are both sup- 


New moterials testing AC HYPOT® meets ASTM di- 
electric strength test requirements. Features automatic 
rate of test voltage rise, transparent test cage that 
is safety interlocked and complete line of plug-in 
materials testing fixtures. Write for new bulletin... 
“HYPOT® Insulation Tester’ 


VIBROTEST® measures 
FIVE MILLION Megs 


Direct reading a-c operated 
megohmmeter for resistance 
measurement to five million 
megohms. Drift free, stable 
and accurate on all ranges. 


VIBROTEST® Model 2570 has 
six megohm ranges: 1-50, 10- 
500, 100-5000, 1,000-50,000, 
10,000-500,000 and 100,000- 
5,000,000 megohms. Write for 


bulletin. 


Write for Bulletins . 
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plied by solid quartz variable frequency delay line. 
Servo-driven Andersen Laboratories model shown 
also has many other uses. 


Design Considerations 


In general, variable delay lines can be made to 
specifications essentially identical to fixed delay lines, 
except that usually the insertion loss is somewhat 
higher. This is normally no problem. 

The carrier frequency selected largely will be de- 
termined in the same manner as in fixed lines. Carriers 
of 30 to 40 me are indicated in very wide-band short 
delay requirements. If a line is about 2.5 msec in 
length with a variation in delay of 10-30 psec, a carrier 
frequency of from 15 to 20 mc is optimum. 

The two basic parameters which must be established 
when incorporating variable delay lines into any sys- 
tem are: (1) The minimum desired delay, and (2) 
the amount of delay variation required. Typical mini- 





This smaller, 
lighter, molded unit 
offers the systems engi- 
neer a component which is 
nearly indestructible both electrically 
and mechanically. Complete common 
mode rejection is an inherent feature. In this 
new line of FERRAC amplifiers, the conventional plug-in 
arrangement has been replaced by a bolt-down 
unit with a low center of gravity eliminat- 
ing the need for a mounting clamp. 
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mum delays range from 2 psec to 3 msec. Delay varia- 
tion may be from a few psec to 150 psec or more. 

Spurious signals are in the range of —40 to —55 
db, depending on the exact design, and applicable mili- 
tary requirements for shock, vibration, temperature 
humidity, etc., are met. 

Being continuously variable, infinite delay resolu- 
tion is obtained within the operating range, and they 
are readily adapted to servo control with rates of 
change in delay to 20 ysec/sec. The mechanical load 
these lines present to a servo driver is essentially 
viscous, which simplifies the servo design problem. 
When used in conjunction with an Andersen Labora- 
tory type 785 proportional temperature controller 
absolute delay stability of the order of 1 millimicro- 
second is readily obtained. Driver and post delay 
circuits are also furnished. 
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Sonics May Control 
Solid Rocket Motors 


A research and development contract has been 
awarded by the National Aeronautics and Space Ad- 
ministration to Acoustica Associates, Inc., Plainview, 
N. Y. to explore a radical new system of solid-fuel 
combustion control by the means of sound. 

One of the most formidable problems in solid-fuel 
engines is how to control the speed at which the fuel 
burns. Since the fuel is usually in the form of a 
cylinder with combustion taking place in the cavity, 
and because the rate of combustion is proportional 
to the surface of the solid fuel which is exposed to 
the flame at any instant, present uncontrolled burning 
SOUND 


MS. PRESSURE 
Ne LEVEL 


PRESSURE 
PRESSURE 











TIME TIME 
Fig. | Fig. 2 


rates tend to start out slow then increase in rate and 
pressure until the final flameout (Fig. 1). Rocket 
walls must be constructed to withstand final peak 
pressure. 


The new control principle, based on theoretical con- 
cepts by Acoustica scientists, is that high intensity 
sound, generated within the missile cavity by a whistle, 
can be used to mix the burning gases more rapidly 
and so speed combustion to higher rates at the be- 
ginning of the flight. If the sound is then diminished 
at a programmed rate, the tendency for pressure to 
rise can be counteracted, resulting in a steady pressure 
(Fig. 2). Such a burning characteristic could use 
thinner rocket walls, also could be used to guide 
maneuvers in a multi-engine rocket. It is expected 
that a sonic frequency of about 10 ke and having an 
intensity of about 170 db will be required to effect 
control. 
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Fig. 3. Centrifuge tests relays for ability \ AP 
Fig. 4. Transistorized Time Delay Relay 
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possible. 

In essence, use of devices to control applications in 
military or industrial electronic circuits is not new, 
as every design engineer knows. Timing devices built 
around clock motors, thermal elements or dash pots 
have been used for years to trigger mechanisms after 
a desired time interval. 

The race into space, set off by the International 
Geophysical Year and again emphasized by the recent 
Soviet moon strike, has brought into sharper focus 
the need for lighter weight, reduced size and increas- 


3). In fact, the laboratory exposes relays to every space 
flight condition which man’s imagination can conceive 
or research has disclosed. This is in addition to some 
43 routine inspections and quality control measures 
which every production component undergoes, includ- 
ing muliple cycling and ultrasonic cleaning. 

One of the first U. S. manufacturers to utilize 100 
per cent production run testing was Western Electric 
Co. under a $500,000 contract for all-purpose relays in 
the exacting Nike program. The Nike, from the proto- 
type to the Zeus, has long been regarded as America’s 


brations. Solutions to the radiation problem, however, 
are already being worked out. 

As industry adapts more of its processes to auto- 
matic control and as we probe deeper into exploration 
of space and the outer worlds, the need for time 
control devices inevitably will increase, with a con- 
comitantly increasing ratio of requirement for fune- 
tional perfection. It is, therefore, significant that the 
transistorized time delay relay is now definitely out 
of the laboratory and on the production line, with de- 
liveries to some missile and electronic system manu- 


Cee cake, taiidtaiees to of : with jg rey bys 5 cps to to withstand space velocities. 
components and products. Technician is shown at con- j ipmen si persed 
ng of vbreting machine that ultimately will test go dl ohm at for greater reliability : missile and satel. posed 
through 5 cps to "white noise" frequencies with vibrat- level. lite programming is shown in size com. ponent 
ing platform shown through window of triple-walled test parison view. steel ¢ 
chamber. 
lems of high-speed and high fuel-consumption craft. At 
Leach we began working on the time delay mechanisms 
as the solution to the automatic fuel management 
ENGINEERING RELAYS FOR SPACE problems for Lockheed. It wasn’t however, until the 
transistor became available to the design engineer 
. that we were able to make any real progress to- 
LEONARD P. ASH, A. O. ADAMS, Relay Div., Leach Corp. ond s ts Os os tee ce oleae coal 
for the far more critical requirements of space and ‘ 
i ie paraphrase a famous Voltaire quotation, if ing out of components unfit for space duty, actually atmospheric re-entry (Fig. 4). 
there were no dependable time delay relay avail- became a reality over a year ago as one of the first The transistor solved our problem as the vital link 
able for missiles, some engineer would have to invent available to prime contractors and other military and in the resistor-capacitor timing circuit and opened up “ 
one to meet the inexorable demands of our involve- industrial users of relays. It is located at the Relay what promises to become almost limitless possibilities 
ments in space for a higher order of accuracy and re- Division, Leach Corp., 5915 Avalon Blvd., Los Angeles, in any military or commercial systems that require 
liability. Calif. (Fig. 1). | remote automatic timing programs of the highest order ‘ 
The word dependable is all important, since it re- Tests include severe vibration of 5 to 3,000 cycles of accuracy. It’s true that the transistor has its weak- 
lates to advances in the state of the art that at once (Fig. 2), cycling at super-critical high and low tem- ness in susceptibility to radiation as the thermal timing 
make greater reliability and increasing miniaturization perature extremes, shock and extremes of velocity (Fig. device had its weakness in inability to withstand vi- aa 





ing standards of perfection. This became acutely so critical line of home shores defense against surprise facturers being made. Its maturity is perhaps best A 

as vehicle after vehicle of ours attained partial suc- enemy attack. The success of the program depends on heralded by governmental interest in granting military adel 
cess in the intense glare of the international public birds that are ready to fire when needed, a day from standard recognition to the new device. 

spotlight. now or a year from now. In chips-down defense, Components used in the Leach transistorized delay AUTE 

, there was no room for firing failure in Pentagon relay are shown in Fig. 5 along with the components Engine 

Testing Is Heart of Reliability Program planning. in assembled form ready for sealing into the external Adam 


In relays, as in other control components, nearly 
100 per cent reliability became the highest order of 
virtue and solid state timing modules the prime de- 
sideratum. This was especially true in programs where 
the entire success of a missile may depend on com- 
pletely reliable timing and triggering or rocket fusing, 
arming and separation. 


The Leach Production Lab, capable of 100% weed- 









Transistor Circuit Makes Time Relay Rugged 
The transistorized time delay relay is the creature 
of the same evolutionary forces that created the labora- 
tory for attempted destruction of production line 
components. 
The time delay relay as such initially had its be- 
ginning in aircraft and automatic fuel switchover prob- 


enclosure which measures only 1” x 1.87” x 1.812”. 

Application for MIL standard rating already has 
been made by Leach for its 2-amp dropout and pick- 
up models, both of which range in time delay from 
0.1 seconds to 180.0 seconds, with much longer delays 
subject only to the user’s specified requirements. (Fig. 
6). The duration of each relay is factory set to each 
customer’s requirements. The maximum weight of the 
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Fig. 5. Transistorized Delay Relay, ex- 
posed view with assembled com- 
ponents ready for sealing in external 
steel case. 
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relays in our specifications is 0.35 lbs., with greater 
reduction possible in the future. The specs promise 
50,000 minimum operating cycles, 0.001 seconds maxi- 
mum duration of contact opening during shock test, 
and 0.0005 seconds maximum duration of contact 
bounce. 

Minimum dielectric strength between switching cir- 
cuits and switching circuits and container is 100 v 
rms and 500 v rms across open contacts. Hi-Pot test 
is 500 v de with a maximum increase or decrease of 
250 v/sec is specified. Also, reversal of potential to 
terminals X; and X» must not damage the relay. 

Timing accuracy is within 10% within the oper- 
ating voltage range of 18 to 30 v dec, and over the 
ambient temperature range of —55° to 100°C. The 
relays withstand vibrations of 0.1” excursions at 10-55 
cps and +15 G to 2000 cps, also shock at 50 G. 

Typical specifications which apply only to Model 
9349, Time Delay on Pick-up (Fig. 6a) are: 

1. With 18 to 30 v de applied to thermals X, and Xo, 
relay shall energize after the appropriate delay period 
has elapsed. 

2. Delay period, from application of actuating volt- 
age to closing of normally open relay contact, may be 
factory set from 0.1 to 180 seconds. (Accuracy of delay 
period +10%) 

3. Contacts are 2 Form C rated at 28 v dc with 2 
amperes resistive, 1 ampere motor, 1 ampere inductive 
and 0.5 ampere lamp loading. 

4. Maximum operating current is 120 ma. 

Corresponding typical specifications for Model 9350, 
Time Delay on Drop-out (Fig. 6b) are: 

1. With 18 to 30 volts applied to terminals X, and 
X» but with operating switch open, relay shall not 
energize. 

2. Within 0.2 seconds after closing of the operate 
switch the normally open relay contacts shall close. 

3. Upon opening operate switch relay shall de-ener- 
gize after the appropriate delay period has elapsed. 

4. Delay period, from opening of operating con- 
tact to closing of normally closed relay contact, may be 
factory set from 0.1 to 180 seconds (Accuracy of delay 
period +10%). 

5. Contacts are 1 Form C rated at 28 v dc, 2 amperes 
resistive, 1 ampere inductive or motor, and 0.5 ampere 
lamp load. 

6. Maximum operating current is 100 ma. 


Almost any programming time delay within reason 
can be achieved by the transistorized time delay with 
the addition of more solid state modules to the circuit. 
Whether the purpose is to trigger a device that para- 
chutes the nose cone or instrument capsule back to 
earth, sets off an added stage or simply destroys a par- 
tially successful vehicle, the transistorized time delay 
relay can be counted upon to do the job, especially if it 
is disciplined for highest reliability performance 
through the 100 per cent run-of-production testing 
route. 
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Electromagnetic & Magnetostrictive 


0 ae ee ee 


AUDIO AND HIGH FREQ 
MINIATURIZED 


FILTERS 


Control Electronics Co. Inc. specializes in the design and 

production of electromagnetic and magnetostrictive 

delay lines and miniaturized filters. A sample grouping 

is shown here. Further information is available from 

our Engineering Dept. 

BUILT TO MIL. SPECS. FAST PROTOTYPE SERVICE 
1 to 3 WEEKS DELIVERY 


Distributed Constant 
Delay Lines 





Lumped Constant 
Delay Lines 


CEC DISTRIBUTED CONSTANT DELAY 
LINE FEATURES 

© Lowest cost — reliable performance 
© Maximum delay to rise time ratios 
@ Maximum delay per cubic inch 

© Delays to 30 . secs. 

© impedances: 200 to 10,000 2 

© Bandwidths to 20 mcs 

© Linear phase shift 


Miniaturized, Electrically 
or Mechanically 
Variable Delay Lines 





Multi-tapped Lumped 
Constants available in 
many configurations 


DELAYS TO 20,000 MICROSECONDS 
BANDWIDTHS to 500 MCS 
Zo FROM 50 TO 10,000 OHMS 





Over 275 standard 
Lumped Constant Delay 
Lines available 





Infinite incremental or decade variable 
delay lines available in any range of 
delays and impedances. 


Fixed or Variable 
Magnetostrictive Delay Lines 


System Delay Lines 





and Short Delays from 5 
uw secs to 5,000 « secs. 
Choice of impedances. 


Complete delay and pulse systems 
designed to your needs. 


Audio and High Frequency, miniaturized 


FILTERS and TOROID 


Standard and Special Designs to meet cus- 
tomer’s unusual requirements. 

HIGH, LOW & BANDPASS FILTERS with input 
and output impedances from 500 ohms to 
10,000 ohms, and with cut-off frequencies 
from 200 cps te 70 kes, including the 23 
standard RDB Telemetering channels. 





STANDARD SPECIALS 

High Pass 90° Phase Shift 

Low Pass Null “T” 

Band Pass Ultra Stable 

Inter-Stage Band Suppression SPECIAL FILTERS AND TOROIDS 


Constant Delay TO YOUR SPECS 


QUICK DELIVERY 





C ONTROL | Bizartee Co. INC. 


Huntington Station New York 


Ten Stepar Place 


NOTE: Data Sheets on request 








CIRCLE 40 ON READER-SERVICE CARD 



























PHASE: METERS 
0.0001 cps to 500 mc. 
Accuracy 0.5 


Direct Reading in Degrees. 


DELAY LINES 


Continuously Variable, Step Variable, Tapped and 


Special, meet MIL specifica 





ee ete»: 
ELECTRONICS LAB., Inc. 
Formerly ADVANCE 


249 T 





tions. 


erhune Ave., Passaic, NJ 


GRegory 2-5622 
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REFLECTONE 


Ruggedized construc- 
tion, encapsulated 
windings, shockproof, 
moisture-proof. Oper- 
ate from standard sin- 
gle- or double-speed 
synchro control trans- 
formers, or from 
bridge networks. Half- 
wave reversible out- 
put drives a wide 
variety of standard 
low-impedance, two- 
phase servo motors. 

tilustrated: 
TYPE t11 AMPLIFIER 
Develops 30 volts for 1 
volt input; 70 volts for 
2.25 volt input. Operates 
from 115V, 60 cps. Entire 
unit contained in MIL- 


type KA can, 3 15/16” x 
3%” x 544", 
Many special designs 
available. Write for com- 
plete cngieoeinns data, 
giving details about your 
requirements. 








REFLECTONE ELECTRONICS, INC. e STAMFORD, CONN. 
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7 products 


DELAY LINES 
PULSE FILTER 


Miniaturized pulse width discrimi- 
nator filter which produces its maxi- 
mum amplitude output upon applica- 
tion of input pulse of specific dura- 




















tion is designed for use as anti-jam- 
ming component in radar and IFF 
type systems, also in pulse-width en- 
coding, decoding and “go, no-go” oper- 
ations.—Mini-Rad, Inc., 7416-E Varna 
St., North Hollywood, Calif. 
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DISTRIBUTED DELAY LINES 


New distributed ‘constant minia- 
turized delay lines in barrel length 
from 1%” to 9%” cover delays from 











0.02 to 1.0 usec, impedances from 50 
to 2500 ohms, over operating tempera- 
tures from —55° to 125°C. Meet mil- 
spec requirements.—PCA Electronics, 
Inc., 16799 Schoenborn St., Sepulveda, 
Calif. 
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L-€ DELAY LINE 


New lumped-constant Model 61-34 
Delay Line, designed for a special 
communications application, is note- 
worthy for its high delay-time/rise- 
time ratio of 170/1. Provides a total 
delay of 200 usec with 50 taps each 
located to an accuracy of +0.2 usec, 
with a rise time of only 1.16 usec. 
Frequency response (3 db) is 325 ke, 
attentuation less than 2 db—ESC 
Corporation, 534 Bergen Blvd., Pali- 
sades Park, N. J. 
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SERVO-DRIVEN DELAY LINE 


New continuously adjustable servo- 
driven delay line providing any delay 
from 3 to over 400 usec contains a 
motor-driven screw that positions the 
output coil along the length of the 





magnetostrictive delay element. This 
Deltime, Inc., product was made for 
Diamond Ordnance Fuze in Washing- 
ton.—Deltime, Inc., 608 Fayette Ave., 
Mamaroneck, N. Y. 
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SOLID STATE DELAY LINE 


New Series solid state magnet- 
ostrictive delay lines from 5 to 200 
usec features high vibration and 
shock ratings and operation from 





—55° to 100°C. Input-output imped- 
ances range from 5 to 200 ohms with 
carrier or pulse frequencies of up to 
1 me. Taps can be supplied and 
spaced as close as 3 yusec.—40 usec 
torsional mode line is pictured.—Con- 
trol Electronics Co., Inc., 10 Stepar 
Place, Huntington Station, L. I., N.Y. 
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MULTI-TAPPED DELAY LINE 

Delay Line CT-18, using lumped 
constants, can be used as a delay 
trimmer, variable pulse generator, to 
generate clock pulses, or as variable 
pulse-forming network. 10 separate 





taps each provide 0.05 usec, giving 
total delay of 0.5 usec. Impedance is 
550 ohms, rise time is 0.1 usec max. 
Dimensions are 2%” x 1%” x 1” wide. 
—Technitrol Engineering Co., 1952 
East Allegheny Ave., Philadelphia 34, 
Pa. 


CIRCLE 107 ON READER-SERVICE CARD 


CUSTOM-BUILT DELAYS 


Both distributed- and lumped-p, 
stant delay lines are designed to ey 
tomer specs only. Distributed lings jy 
impedances from 300 to 10,000 ohmy 
with delays to 25 usec may be Dro. 
vided with compensation for delay 








variation with frequency. Lumpei 
lines having a multiplicity of delay 
times are more complex, may be é. 


signed in impedances from 50 
10,000 ohms with delays to 300 se. 
A complex military delay unit j 
shown.—F’. W. Sickles Div., Genera 
Instrument Corp., P. O. Box 3%, 
Chicopee, Mass. 
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VARIABLE DELAY LINE 


A 40-turn, delay line continuously 
variable through 14,400° of rotation 
provides fine resolution over a long 
total delay up to 10 usec. Rise time 





is less than 10% of delay at any point, 
attenuation in db is approximately 
0.8 times total delay, and character- 
istic impedances from 50 to 300 ohms 
are available—AD-Yu Electronics 
Lab., Inc., 249-259 Terhune Ave, 
Passiac, N. J. 
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PULSE GENERATOR 


; Model B-5-A electronic pulse delay 
can be set to 0 or is variable from 
0.030 to 500 usec in five ranges. Puls 





« 




















width is variable from 0.02 to 125 
usec in four ranges.—Rutherford 
Electronics Co., 8944 Lindblade Ave, 
Culver City, Calif. 
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MILITARY SYSTEMS DESIGN 
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SENSITIVE RELAYS 


Specialized miniature sensitive re- 
lays emphasizing quality assurance 
are 100% inspected for high and low 
temperature operation and for herm- 
etic sealing, dielectric strength and 
insulation resistance. HI-SPEC relays 


meet or exceed 30 G sinusoidal vibra- 
tion up to 3000 cps, 150 db random 
noise to 10 kc; 100 G shock; operating 
temperature from —65° to 125°C; 
sensitivity of 50 mw and switching ca- 
pacity of 5 amp.—Hi-Spec Electronics 
Corp., 7328 Ethel Ave., No. Holly- 
wood, Calif. 
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PLUG-IN RELAY 


Series 5D1C relay in removable 
polystyrene case permits field adjust- 
ment without special equipment. 


Mounts on 8-pin octal plug-in base, 
for de operation with coil resistances 
of 500-13000 ohms.—Kurman Electric 
Co., 191 Newel St., Brooklyn 22, New 
York. 
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TEFLON AIDS RELAY 


New Filtors Inc. relays using coil 
bobbins of TFE “Teflon” resin attain 
an operational temperature rang2 
from —65° to 125°C. TFE-insulated 


windings sealed with TFE tape end 
out-gassing and thermal breakdown, 
enable relays to switch loads up to 2 
amp., withstand shock to 150G, and to 
attain a minimum life of 100,000 oper- 
ations.—Tri-Point Plastics, Inc., 175 
as Willets Rd., Albertson, L. 1., 


FOR MORE INFORMATION ON TEFLON 
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FOR MORE INFORMAT'ON ON FILTORS RELAYS 
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_ Dry, Positive Prints, Ready for Immediate Use, at | 
«* Only a Fraction of Former Reproduction Costs! 


Push a button on a XeroX® Copyflo® 
printer, and dry, positive copies emerge 
in seconds, ready for immediate use. 


PUSH 
THE BUTTON... 


and copies flow! 


Costs are dramatically reduced. Xe- 
rographic copies of engineering draw- 
ings are so inexpensive that in many 
plants engineers are urged to discard 
them rather than re-file. 

You can copy up to 1,200 different 
drawings an hour with a Copyflo print- 
er. Copies may be on ordinary paper, 
vellum, or offset paper masters... And 
the quality is superb—precisely like the 
original—because xerography copies 
the quality, too. 

If your need is to copy hundreds... 
or thousands . . . of different documents 
daily, look to automatic xerography for 
the happy solution. Copyflo printers 
enlarge, reduce, or copy size to size— 
can automatically turn out copies as 
rapidly.as 20 linear feet a minute. 
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Copyflo printers offer the fastest, 
most flexible, most economical way to 
get sharp, black-on-white copies from 
original documents of all kinds or from 
microfilm. For complete details, write 
for booklet X-287, HaLomw XERox 
Inc., 59-202X Haloid St., Rochester 3, 
N. Y. Branch offices in principal U. S. 
and Canadian cities. Overseas: Rank- 
Xerox Ltd., London. 


HALOID 
XEROX 
























SERIES 10,000 


_ DIGITAL DISPLAY | 


WITH 
ONE-PLANE PRESENTATION 


Pore ~ 3 
————————— 








irpness. 
of your choice to digs 
wee original 


digi git: bet your choice for.” ; 
onmental lighting. ce : 
| units may be assembled . © re 
or convenient panel a = 


- 1.9/16” wide, 
554” long. 


NEW! LARGE IN-LINE DISPLAY 
Series 80,000 


, Offers same outstand- 
= ing features as Series 
*., 10,000 In-Line Display, 
; but approx. four times 


larger. Easily viewed 
over 100 feet away! 


$3300 each 
Quantity prices available 








ollbeceim in Principal cities 


@rn ELECTRONIC ENGINEERS, ine, 


Engineers and Manufacturers of 





Fully Automatic System 
3973 Lankershim Blvd 
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s and Machines 





North Hollywood, Calif. 








New Produds—conr. 
MIDGET RELAY 


New type “W” general purpose re- 
lay is supplied in open, hermetically 
sealed, or in dustproof polystyrene- 








cased models with contact arrange- 
ments 1PDT through 3PDT.—Globe 
Electrical Mfg. Co., 1729 W. 184th 
St., Gardena, Calif. 
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RELAY DELAY ADJUSTABLE 


Adjustable subminiture time delay 
relays for airborne and ground sup- 
port missile applications are available 
in six overlapping delay ranges from 





0.050-1.00 sec up to 15.0-300 sec. Ad- 
justment to 5% accuracy within range 
is made remotely by precision po- 
tentiometer or by stable resistor wired 
to relay terminals—Tempo Instru- 
ment Inc., P. O. Box 3388, Hicksville, 
N. Y. 
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CRYSTAL CAN RELAYS 


Babcock BR-8H and BR-8 crystal 
can relays, used in F-106 fire-control 
servo system were selected for oper- 
ational dependability under severe 


re 











See | 





environments. Operate in vibration 
of 30 G from 40 to 2000 cps and tem- 
perature ranges from —65° to 125°C. 
Also specified for computer and other 
applications where 250,000 operations 
at rated current constitute minimum 
life—Babcock Relays, Inc., Costa 
Mesa, Calif. 
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HIGH OVERLOAD RELAY 


New Crystal Can relay capable of 
handling contact overloads to 40 am- 
peres is normally rated at 10 amp for 





100,000 operations. Operating power 
is 150 mw for 20 G to 2000 cps.— 
Electronic Specialty Co., Relay Div., 
5121 San Fernando Rd., Los Angeles 
39, Calif. 
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MICROMIN LATCHING RELAY 


New Model R650 postage stamp 
size, dual coil latching relay exceeds 
environmental requirements of MIL- 
R-5757C, has a minimum life of 100,- 





: s es ge 
000 operations at 125° C, is activated 
by a 5 msec pulse of 300 mw.—Iron 
Fireman Electronics Div., 2838 S. E. 
9th Ave., Portland 2, Ore. 
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PRINTER RELAY 


Transistorized Printer Relay Type 
237 replaces electro-mechanical signal 
relays and associated dc power sup- 
plies needed for coupling between dc 
teleprinter loop and printer selector. 





Presenting resistive termination to 
signal loop, several printers can now 
be connected in series without re- 
active interaction between them. 
Operates on either neutral or polar 
keyed signals.—Northern Radio, 147 
West 23rd St., New York 11, N. Y. 
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XTAL CASE RELAY 


2PDT half-ounce crystal case re- 
lay exceeding Mil-specs and designed 
for continuous operation and min. 


100,000 operation life has unique py, 
tary armature suspension, bif: wreated 
contact structure——Union Switch 4 
Signal Div., Westinghouse Air Bro, 
Co., Pittsburgh 18, Pa. 
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SENSITIVE POWER RELAY 


New DPDT subminiature rely 
Type JH-6D, achieves low-level nt 
amp contact ratings with maximun 
pull-in sensitivity at 100 mw. Herme. 
ically sealed, the JH-6D operaty 





under shocks of 50G, vibrations of §. 
28 cps at 0.5” double amplitude, 2%. 
2000 cps at 20G; and ambient ten. 
peratures of —65° to 125°C.—Allied 
Control Co., Inc., 2 East End Ave, 
New York 21, N. Y. 
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COAXIAL SWITCH 


New Type “XL” Large Coaxial 
switch for RG 117/U and similar ca. 
bles is contrasted with Standard “Y’ 





switch. At 4 kmc, VSWR is less than 
1.4, insertion loss less than 0.4 db, 
and cross-talk more than 30 db down. 
Useable at frequencies up to 11 kme, 
the two RF positions can be both off 
or on simultaneously.—Transco Prod- 
ucts, Inc., 12210 Nebraska Ave., Lo 
Angeles 25, Calif. 
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MICRO RELAY 


New Unimite relay, less than 1’ 
long and weighing only 3 grams, may 


, be ear at 10,000 epenermne per 








minute. SPDT contact chamber i 
hermetically sealed and isolated from 
coil—General Electric Co., Schenec 
tady, N. Y. 
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MILITARY SYSTEMS DESIGN 
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PROVEN ATC DIFFERENTIAL 
TRANSFORMER SYSTEMS 


DRAMATICALLY 
INCREASE 


RELIABILITY 
OF AIR & GROUND CIRCUITS 















































WHAT IS A DIFFERENTIAL TRANSFORMER? 
An electromechanical device which translates 
the displacement of a magnetic armature into 
a linear alternating current voltage. 













WHAT ARE ITS ADVANTAGES? 

It’s frictionless, offers infinite resolution, high 
signal to noise ratio, low null voltage, not af- 
fected by wide temperature ranges or radia- 
tion exposure, one-tenth of 1% linearity, small 
size, light weight. 





ATC COMPONENTS HAVE BEEN 


DESIGNED FOR THESE TYPICAL 
MISSILE APPLICATIONS 














1. ABSOLUTE PRESSURE PICKOFF 
2, ACCELEROMETER 


3. HYDRAULIC SERVO VALVE 
FEEDBACK 


4, POSITION SENSING 





WHERE ARE ATC DIFFERENTIAL 
TRANSFORMER SYSTEMS BEING USED? 


In both airborne and ground support assem- 
blies as components or full systems on Terrier, 
Jupiter LOX level controls and launching rig de- 
flection, direct reading altimeters, G.E. counter- 
measure program, jet carburetor safety control. 







Other ATC mil spec timing and 
programming components are 
used with Mace, Matador, 
Thor, Bomarc, Hound Dog. 







HOW DO I FIND OUT HOW DIFFERENTIAL 
TRANSFORMERS WILL HELP ME? 

Send for ATC’s free 32-page “Handbook of 
Linear Transducers,”’ which gives theory, char- 
acteristics, curves, schematics, application data, 
everything! Also ask about the Aero Transducer 
Kit, which permits you to experiment with a 
broad variety of transducers applicable to rate 
gyros, pressure pickoffs, accelerometers, hy- 
draulic servo valve feedbacks, position sensors. 











MAXIMUM TIME- 
OFF INDICATOR 


TRANSISTORIZED 
TIMER 





ATC offers design engineering help 








and complete Mil-spec R & D programs. 








RESET TIME 
DELAY RELAY 


WIND TUNNEL 
CONTROL 




































AUTOMATIC TIMING & CONTROLS, INC. 


KING OF PRUSSIA, PENNSYLVANIA 
A SUBSIDIARY OF SAFETY INDUSTRIES, INC. 

































































September-October, 1959 
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CRYSTAL CAN RELAY 


New MQ series hermetically sealed 
crystal can relays feature sensitivi- 
ties of 250, 100 and 50 milliwatts in 
a crystal can size with 0.2” grid 
spacing. DPDT contacts are rated up 


Base | 
j i 









to 3 amperes resistive at 28 v de or 
115 v ac. Withstand rugged environ- 
mental conditions, operating under 30 
G vibration to 2000 cps with shock 
ratings of 50 to 100 G, and over tem- 
perature ranges from —65°C to 
125°C.—Electronics Div., Elgin Na- 
tional Watch Co., 2485 No. Naomi 
St., Burbank, Calif. 
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CONTACT METER CONTROLLER 


New Model MR transistorized con- 
tact meter controller continuously in- 
dicates any electrical variable while 
providing accurate high or low limit 


— 





as 
control. The control point may be pre- 
cisely adjusted over the entire scale 
range by a control knob on the front 
of the meter. Contact is by a tran- 
sistorized electronic circuit using no 
magnetic contacts or locking coils.— 
Larson Instrument Co., 24 Orchard 
St., Tarrytown, N. Y. 
CIRCLE 125 ON READER-SERVICE CARD 


TETRODE TRANSISTORS 


Two new germanium NPN tetrode 
transistors, the 3N36 and 3N37, de- 
signed as wide-band RF amplifiers, 
radar IF amplifiers and HF mixers 
and oscillators have ranges of 30 to 
100 mec and 100 to 300 mc respective- 






ly. Both transistors attain max gain 
at power levels as low as 5 mw, are 
rated at total power dissipation of 
30 mw. Mid-range gain for 3N36 is 
11.5 db; for the 3N37, gain is 9 db. 
—General Electric Semiconductor 
Products Dept., Liverpool, N. Y. 
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EAD’s NEW C3HJ-05 
400 Cycle Induction 
Motor 





This new 1/30 hp drive motor is the result of a new, exclu- 
sive, simplified process of manufacture developed by EAD .. .: 
considerably lowering manufacturing costs while improving 
precision tolerances and efficiency. The unique construction 
results in a smaller, more powerful motor featuring high reli- 
ability under extreme environmental conditions; making it fully 
comparable to sub-fractional horsepower motors costing a 
great deal more. In recent life tests, this new EAD motor oper. 
ated in excess of 1000 hours 











at 125° C. ambient while 

delivering full output! The CH Bi 
C3HJ-05 is adaptable to dif- 

ficult fan requirements call- ye - 
ing for operation over a wide Voltage 115V., 400 Cycles, 
altitude range. It is another Single Phase 
typical example of outstand- ee Output - be a 
ing engineering skill at EAD ‘ 
—where rotation has been a oo Se porn 
science, its application an for specific applications. 
art, since 1942. 





Complete technical information on the C3HJ-05 Induc- 
tion Motor is available on request. Write us today. 


— Rotation is a Science at EAD ——— 
EASTERN AIR DEVICES, inc. 
A Subsidiary of Norbute Corporation 
345 Central Ave., Dover, New Hampshire 
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— .200 GRID 
ust * __ f 250 GRID 


$4.00 AT YOUR LOCAL DEALER 


Two of the more 
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CATALOGUE NO. 60 AVAILABLE UPON REQUEST 


FAPILJESIGN wc 


P.O. BOX 429, BURBANK; CALIFORNIA 


CIRCLE 47 ON READER-SERVICE CARD 











Introducing our Family of MINI-JOINTS* 
*featuring Guaranteed Zero Backlash 


os 


SSH 


@ Zero Backlash Guaranteed 
@ Stainless Steel Construction 
@ Sealed-in Lubrication 


@ Maximum Operating Angle of 30° 


Typical Applications: Small synchros, resolvers, 





small motors, mechanical indicator repeators, 
potentiometers, phase sifters and similar con- 
trol and instrumentation systems. 


Write for new data sheets— 


FALCON MACHINE AND TOOL CO., INC. 
209 Concord Turnpike 
Cambridge 40, Mass. 
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TIME BASE 


New Model DB-1 Time Base is a 
transistorized, crystal controlled dc 
inverter to 400 cps output with a fre- 


quency accuracy of 0.025% over a 
temperature range of —60° to 165°F. 
Output is sufficient to drive a 0.002 
in-oz torque synchronous motor.— 
Abrams Inst. Corp., 606 E. Shiawas- 
see St., Lansing 1, Mich. 

CIRCLE 127 ON READER-SERVICE CARD 


THERMAL-BOND TRANSISTOR 


Newly designed “N1313 PNP Ger- 
manium alloy junction transistor uses 
new “thermal bond” construction said 
to securely bond transistor junction 
to baseplate for high heat dissipation 
and linear current gain with complete 
electrical insulation and highest me- 
chanical reliability—-Tung-Sol Elec- 
tric Inc., One Summer Ave., Newark 
4, N. J. 
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DIODE ENCAPSULATOR 


New E-Pak system for diode en- 
capsulation uses epoxy molded case 
and yellow E-form pellet with a step 
configuration for positioning of di- 


ode. Epoxy withstands —55° to 
200°C, gives immediate cathode identi- 
fication of diode—Epoxy Products, 
Inc., 187 Coit St., Irvington, N. J. 
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SOLID-STATE LIMITER 


New solid state self-limiting de- 
vices which need no external bias are 
now available to protect radar and 


TION (08) 


ATTENUA 


PEAK INCIDENT POWER (WATTS) 


countermeasures receivers in the 425 
and 600 mc ranges against overload 
and burnout. Models for higher fre- 
quencies are under development.— 
Microwave Associates, Inc., Burling- 
ton, Mass. 
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INSULATED 


, that will withstand | 


Available in outside diameters of 
025 to .313 


One or more wires insulated from 
metallic sheath by a ceramic oxide. 


AerOPak can be bent and weld- 
ments performed wiihout loss of in- 
sulation. 


Available in a variety of metal 
sheath materials, insulations and 
wires. 


Ask for new revised issue of Bulle- 


tin 4. tin 3.8A 











Cano Rhsaaneh 


AE’ O Pak 
Thermocouples 
made to your 
specifications 
Send for Bulle- 


AERO PAK 


Electrical Conductors 
Thermocouple Wire 
Miniature 
Heating Elements 


<- =r CoO tf 


AEROPAK. e 


INSTRUMENT COMPANY, INC. 
Dept. SMS., 315 NO. ABERDEEN STREET, CHICAGO 7, ILLINOIS 


Sales Representatives throuyhout the United States and Canada 
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Potentiometers wound with our 
#479 Platinum Alloy Wire 
have exceptionally low noise 
level, even after extended 
periods of shelf life .. . 


They can be depended upon for 
excellent wear characteristics. 


SIGMUND COHN corr 


121 SOUTH COLUMBUS AVENUE 
MOUNT VERNON, N.Y 
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FREEDOM 


Our inertial guidance systems utilize two-degrees-of-freedom 
gyros. If you would like to do advanced work with these and 
have had at least a year of engineering experience, please 
write Mr. C. T. Petrie, Manager, Research & Engineering Staff. 


LITTON INDUSTRIES Electronic Equipments Division 
Beverly Hills, California 


How to keep computers compact 


You can often save space, weight and money in equip- 
ment employing sine-cosine operations by “‘designing in’”’ 
Gamewell Sinusoidal Potentiometers. Far lighter and 
more compact than gears, cams, and other complicated 
mechanisms, they’re widely used in analog computers, 
data converters, Tacan systems, and radar components. 
Advanced design produces functions with smoothness and 
precision unobtainable by other resistive methods. For 
details and latest catalog, write THE GAMEWELL CoM- 
PANY, Dept. 19E, Newton Upper Falls 64, Mass. 


CONDENSED SPEC OF RVG-30XS-4 
Resistance eeeeees 16,000 ohms +5% 
Conformity...........1.0% peak to peak 
Starting Torque.......206. 0.5 oz. in. max. 
Angular Accuracy ...ssseeesseeeees $0.7" 
WEIEM  ccccccccccccccccsccce 2 oz. max. 
Mechanical Rotation............Continuous 
Electrical Rotation......sssseeeeeees 360° 
Nominal Life........++++++350,000 cycles 


Cramewell 


PRECISION POTENTIOMETERS 


INTEGRALS OF 
RVG-30XS-4 HIGH PERFORMANCE 
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POWER TRANSISTOR 


New 2N297A germanium PNP 
power transistor meets Signal Corps 
MIL-T-19500A/36 specifications with 
ratings of Vcs 60 v, Ves 40 v, operat- 


ing temperature —65° to 95°C and 
P. (at 75°C) of 10 watts.—Semicon- 
ductor Products Division, Motorola, 
Inc., Dept. MPT, 5005 E. McDowell 
Rd., Phoenix, Ariz. 
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TRANSISTORIZED OSCILLATOR 


Subminiature DE-10 crystal oscil- 
lator is shown with a McCoy M-20 
military crystal unit, which is also 


incorporated in its design. Encapsu- 
lated in Silastic RTV, the silicon 
transistorized unit provides a stabil- 
ity of 50 ppm at any frequency in 3 
to 100 mec range over temperatures 
from —55° to 90°C.—Delta-f, Inc., 
113 E. State St., Geneva, IIl. 
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“CONTROLLED SPEC” DIODES 


High conductive silicon diodes 
Types STC101 thru 108 now have 
guaranteed controlled forward con- 
ductance of 0.70 to 0.74 volts at 10ma. 


gee 
pe 4 & 
AN 


Designed for matched pair and quad 
applications in Transistor biasing, 
modulator and clamp circuits.—Silicon 
Transistor Corp., Carle Place, N. Y. 
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SILICON POWER DIODE 


New Style 20 Silicon Power recti- 
fier is a fused alloy device for oper- 
ation at current levels from 1 to 15 


amp over temperatures from —65° 
to 175°C. Peak inverse voltages range 
from 50 to 400 v in 50 v steps.— 
Syntron Co., 622 Lexington Ave., 
Homer City, Pa. 
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From infra-red 
transmitting elements... 

to alignment and emergency 
periscope for the Polaris 
missile... 







Look what. 
Bausch & Lomb 


from filters that eliminate 
unwanted radiation... to 
light-chopper reticles that 
put and keep IR-guided 


missiles on target... 







can do 
i) leediiemninnnconniil 
with 


glass! . 





from meltproof windshields 
and periscopes for high 

performance aircraft... 
to research and develop- 
ment of optical systems 

for space reconnais- 
sance vehicles. 

























Let B&L competence 
with glass and glass-like . 
materials help advance your‘ 
system from design to the 
performance stage. Write for 
information on special items 
like these, or on research and 
development work. 

And for data and specifications 
on our large stock of standard lenses, 
prisms and reflectors, ask for Cat. L-117. * 
Bausch & Lomb Optical Co., Contract Dept., 
97346 Bausch Street, Rochester 2, New York. 
(Phone: LOcust 2-3000.) 





BAUSCH 6 LOMB 
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LOW VOLTAGE POWER SOURCE 


New PTR Series, consisting of 10 
models ranging in output from 10 to 
50 v de with choice of fixed or adjust- 
able output, operate from 105-125 v, 





50-63 cps, over —30° to 85° am- 
bients. Regulation is less than 0.5% 
for full to half load and less than 1% 
for half to no-load. All meet MIL- 
Specs for ground-based equipment.— 
Power Sources, Inc., South Ave., Bur- 
lington, Mass. 


CIRCLE 135 ON READER-SERVICE CARD 


TRANSISTOR TRANSFORMERS 


Eight new transformers in MIL- 
AG case, round YY hermetic case or 
in molded construction have been 





added to Microtran catalog line. Im- 
pedance ranges match many new 
transistors.—Microtran Co., Inc., 145 
East Mineola Ave., Valley Stream, 
N.Y 
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TUNABLE MAGNETRON 


Type MA-218 mechanically tunable 
magnetron, with a frequency range 
of 9500-10,000 me, is rated at 7 kw 
peak with input of 4.5 amperes peak 
at 6 kv and 0.002 duty ratio. New 





tuning drive enables adjustment of 
individual tubes to specific frequen- 
cies without frequency meter check, 
also permits ganging several tubes to 
track identically —Microwave Associ- 
ates, Inc., Burlington, Mass. 
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Missile-Riding Relay Design 

The Balanced Rotary Armature construction, ge 
in all Hi-G Relays, has proved to be the best approag, 
available for resistance to extremes of vibration anj 
shock, exceeding all present military specification 
In addition, rugged, simple construction and a mipj. 
mum of moving parts (Fig. 1) contribute to the jp. 
herent reliability of the product. 


FIG. |. BALANCED Rotary 
Armature Construction: gives 
highest resistance to vibra- 
tion and shock encountered 
in military applications. 





Hi-G balanced Rotary types feature standard vibra. 
tion immunity of 10 G and 20G to 2000 cps, with 
special units available to 50 G or more; also operating 
shock resistances of 30 to 100 G are standard plus 
mechanical shocks at 1000 G per MIL-S-901B, All 
relays which are supplied for higher than 5 G vibra. 
tion are constructed with a permanent magnet, used 
to hold the armature away from the moving contacts 
in the unenergized position. Though a rotary type of 
armature is inherently resistant to vibration and 
shock, minor unbalances will result in resonant con- 
ditions at certain frequencies. Without this “hold 
open” magnet, such resonances will allow the arma- 
ture to occasionally move far enough to cause slight 
contact opening. The magnet serves to damp out such 
oscillation, making the relay immune to resonances 
due to vibration. 


In the energized position of the armature the mag: 
net is far enough away that it has little effect, allow- 
ing full contact pressure and coil power to be utilized. 
Resonance is not a problem in the energized position 
since high contact pressures can be used when the 
air gap is small and the resulting magnetic efficiency 
is high. 


Contact Load-vs-Life 


The curves given in Fig. 2 may be used to deter 
mine contact current rating required for a given load 
and life application, or to estimate the life of : 
particular contact under specific load conditions. 

The solid curve is for standard contacts. Contac 
resistance at rated load for these contacts is less than 
.03 ohm. The broken line curve may be used for 
special contacts made of harder arc resisting male 
rials. However, the contact resistance for the higher 
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10 1000 10,000 100,000 1,000,000 
life —Cyctes 


FIG. 2. LIFE VS. LOAD CURVES. |. To find ex- 
pected life if relay type and load conditions are 
known: | is the rated contact current as listed in the 
relay specification sheets. Determine where your 
load falls in relation to this rated load. Using the 
oroper graph, determine the expected life. 

2. To find contact current rating necessary for a 
given set of life and load conditions: Start with the 
required life on the proper graph for type of load 
to be used. Read "Current Ratio" from the graph 
and divide your actual load by this number to de- 
termine minimum rated current needed. Select a re- 
lay whose rated current exceeds this value. 


rating is higher. Contact rating and life should be 
indicated wherever possible when ordering relays. 

Dry circuit relays are generally considered as those 
rated for millivolts and millivamps or less. A test for 
dry circuit operation which has been adopted by many 
users is 5,000 cycles of operation with a single contact 
having more than a specified minimum resistance be- 
ing cause for rejection of the unit. (From new 20- 
page Catalog No. 259, H-G, Inc., Bradley Field, Wind- 
sor Locks, Conn.) 
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New Ferrite Material 


Announced 


A polycrystalline Hybrid Garnet, Motorola Type 
M-062, is said to exhibit properties of extremely nar- 
row ferrimagnetic line width, low loss and low satura- 
tion moment combined with a moderately high Curie 


SUMMARY OF APPROXIMATE PROPERTIES 
MOTOROLA M-062 HYBRID GARNET 


Ferrimagnetic resonance line 





width at 9300 me/s .......c-cce-ececeoe---- Se eee .30 oersteds 
EHective g factor at 9300 mc/s ....gete ....--..cccccece---- 2.02 
Saturation magnetization Hae 

= 2500 oersteds at 20°C ................ Mo, cag 670 gausses 
Relative dielectric constant 

at 20 me/s ........... SP SURE 13 

Dielectric power factor at 20 me/s. Tan 8.....-cc.cccce---0. 0.001 


Curie Temperature 


Siacestiads Sipncsesececsee _ nA 


All specifications subject to change without notice. 


point. Applications from 4000 mec down to several 
hundred megacycles, including S-Band phase shifting 
devices, have been made. It has potential usefulness 
also in nonlinear devices such as frequency doublers, 
mixers, limiters and parametric amplifiers. (From 
Hybrid Garnet Data Sheet, Motorola Solid State Elec- 
tronics Dept., 3102 N. 56th St., Scottsdale, Ariz.) 
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THERMAL ANALOG TUBE 


Analog equivalent of any vacuum 
tube of the same size class permits 
pre-prototype breadboarding and sys- 
tem simulation for thermally optimum 
component layout, selection of therm- 
ally efficient hardware, mountings, 
fans and enclosures.—Research Coun- 
cil, Inc., 1062 Main St., Waltham 54, 
Mass. 
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TRIODE CAVITY 


New Mercury ‘10’ Series triode 
cavity components for use in micro- 
wave frequencies from 255 mc up to 





limits of existing planar triodes are 
engineered for restricted 10% tuning 
range. Total of 720 different cavities 
available—J-V-M Microwave Co., 
9300 W. 47th St., Brookfield, Ill. 
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FAST SWEEP RADAR TUBES 


New radar display tubes with ultra- 
fast electrostatic deflection and focus 
to meet modern radar read-out re- 
quirements feature diameters of 10, 
12 and 16 inches, high resolution, 





deflection uniformity and reduced de- 
flection defocusing.—Electronic Tube 
Div., Allen B. DuMont Laboratories, 
Inc., 750 Bloomfield Ave., Clifton, 
N. J. 
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416B SOCKET 


New S416 socket for Type 416B/ 
6280E tube permits fixed indexing of 
base pins by adjustable grid ring, 





provides power lead filters and heat 
dissipating plate cap needed in mili- 
tary equipment.—LEL, Inc., 380 Oak 
St., Copiague, N. Y. 
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WILLIAM F. NYE, INC. 


Since 1844 


Refiners of gale 
PRECISION PR iurtson 
LUBRICANTS F222 





Currently serving the Relay Industry with Nye’s Superior 
Crock OL. Unlike other organic Oils, Nye’s Superior Clock Oil 
is refined so as to eliminate smoking, sludging and breakdown at 
high temperatures. Nye’s stabilized natural acidity prevents 
corrosion products from forming on the sliding bronze contacts. 

For full particulars, specifications and a Free Sample, circle 
the number below on the inquiry card or write: 


WILLIAM F. NYE, INC. 
P.0. Box 927 
New Bedford, Massachusetts 
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Q MEASUREMENTS? .. 
1Kcto 300 Mc?... 


c a 6 A a P 
New Q Meter Model 
al 


Freq. Range 
Q Range 

Q Range 
Cap. Range 
Oscillator 1246 
Ol Totlll- tac) au Wa: @/ 





111 CEDAR LANE e ENGLEWOOD, NEW JERSEY 
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Extremely tough, highly 
accurate and dependable, 
TELEDYNE is the standard 
for measuring corrosive liquid 
or gas pressures. BONDED 4 
STRAIN GAGE construction 
results in low sensitivity 
vibration or shock 
Stainless steel pres- 
sure chamber easily 
disassembles for 
clean out and re- 
pairs. Features stand- 
ard built-in pressure 
overload protection. 
Repeatability 0.1%, Lin- 
earity 0.3%, Hysteresis 0.25%, 

































Ambient Temperature —150° to 

275° F. 1 Millisecond Response. Pressure 

Ranges: 0-50 to 0-10,000 PSI. 

With simple cable connection as above, 
TELEDYNE can be used with the Taber Indicator 
or standard make Recorders and Controllers 
up to % mile. 

Write or telephone tor 


literature on complete line. 


TABER INSTRUMENT 
CORPORATION 


Section 242 107 Goundry St. 
North Tonawanda, N. Y. 
Phone: LUdlow 8900 © TWX - TON 277 
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SUBCARRIER OSCILLATOR 
CALIBRATOR 
New instrument for accurately cal- 


ibrating bandwidth of telemetry sub- 
carrier oscillators is accurate to 4%. 







Alsu remote indicating meter is avail- 
able for calibrating subcarrier oscil- 
lators at a distance from instrument 
facilities —Wayne D. Paterson, Inc., 
807 Yale St., Los Angeles, Calif. 
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ACCELEROMETER AMPLIFIER 


Model AC-1 airborne amplifier for 
in-flight transducer signal amplifica- 
tion has over 500 megohms grounded 
input, and less than 20.000 ohms 


¥ om LT 








i wig i 


ae o 
grounded output. Gain is variable 
from 10 to 100 up to 60 mv input. 
Operates in —20° to 100°C ambients, 
up to 100,000 ft altitude, and 10G— 
2ke vibration.—Southwestern Indus- 
trial Electronics Co., 10201 West- 
heimer Rd., P. O. Box 18058, Houston 
19, Tex. 
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BOLOMETER PREAMPLIFIER 


New Model BA-1C has capacity for 
measurement of RF power ratios up 
to 30 db between 20 and 90,000 mc at 
maximum level of 200 microwatts 
without switching of attenuators or 
change of amplifier gain. Can be used 
either with barreters or video crystals. 
Weinschel Engineering, 10503 Metro- 
politan Ave., Kensington, Md. 
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TORQUE INDICATOR 


Direct reading torque indicator 
having a 2% accuracy incorporates 
positive limiting stop to prevent 


on enreng 








damage to indicator. Available in 
ranges of 1-15, 2- 50, 2-150, and 2-200 
oz-in. Dimensions are 1%” dia. by 
2%” long.—Autotronics, Inc., Dept 
21, Box 208, Florissant, Mo. 
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VARIED 
ENGINEERING ASSIGNMENTS 
STIMULATE INTEREST ON 
RCA PROJECT BMEWS 





Positions with RCA's project for the new Ballistic Missile Early Warning 
System involve a broad range of duties. BMEWS problems demand 
new, adventurous approaches. Your headquarters will be in New 
Jersey at a location suburban to Philadelphia. You'll have the oppor- 
tunity to demonstrate the feasibility of your engineering planning 
under actual environmental conditions in the Far North. Additional 
compensation for Far North trips. BMEWS' challenge requires ex- 
perience in: Heavy Ground Radar Systems, Digital Computer Systems, 
Communications Systems, Data Handling. 


Broad and liberal RCA benefits program to build security for you 
and your family « Work with the very latest in facilities and equipment * 
Every opportunity for progress in an RCA career. 





TO ARRANGE CONFIDENTIAL INTERVIEW 


Please send complete resume to: 
Mr. Robert Vincent 
RCA, Dept. BM- LIK 
1908 Bannard Street, Riverton, N.J. 

















RADIO CORPORATION of AMERICA 
RCA Riverton 
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PUNCHED TAPE PROGRAMMER 


Mylar and paper tapes operate new 
programmer, Model 3277, conforming 
to MIL-E-16400 for checkout systems. 


Features bi-directional drive, rates up 
to 200 characters/sec, tape widths to 
1”, and built-in electronics for con- 
trol and data playback. Uses 28 v dc 
and 115 v 400 cps power.—Potter In- 
strument Co., Inc., Sunnyside Blvd., 
Plainview, N. Y. 
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HI-TEMPERATURE SOLENOID 


New Ultra-high-temperature solen- 
oid for missile or advanced aircraft 
applications operates continuously at 
1000°F to provide a minimum of 15 
lb force over a 0.010” stroke. Coil 
resistance at 1000°C is 35 ohms.— 
Dept 5206, Rocker Solenoid Co., 140 
North Marine Ave., Wilmington, 
Calif. 
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ELECTROHYDRAULIC SERVO 


New Series 31 and 32 Flow Con- 
trol Servovalves use double nozzle 
flapper design with mechanical feed- 
back from first to second stages to 


achieve high performance in small 
size. Applications include flight con- 
trol for aircraft and missiles. Cata- 
log 310 is available—Moog Servocon- 
trols, Inc., East Aurora, N. Y. 
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ELECTRIC LINEAR ACTUATOR 


New 6%” long 26 v dc single-stage 
actuator, capable of moving loads in 
excess of 100 Ibs through a stroke of 
three inches, is limit switchless. When 
the actuator completes its stroke it 
stalls with voltage continually applied 
to the motor, drawing only 1.2 amps. 
—AiResearch Mfg. Div. of Los Angel- 
es, Garrett Corporation, 9851 Sepul- 
veda Blvd., Los Angeles, Calif. 
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new 


excellent for complete assembly encapsulation 


micro-miniature 


CAPACITORS 


47-10,000 mmf 
200 vde without derating 
-55° C to 150° C operation 


Square precision molded cases in only two sizes and a single 
standard 0.2” lead spacing for all values simplify circuit design, 
guarantee uniformity, facilitate handling, give greater mechan- 
ical stability. 

The DAPON** resin used in “VK” Capacitor cases assures envi- 
ronmental reliability through every stress to which such com- 
ponents are susceptible. 


1 aha 
A minutely 
ronmental te 


Insulation Re 


each “VK 
2) 





P.O. BOX 544 « BRIDGEPORT 1 CONNECTICUT 
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CONTROL Pi R0DUCTS, “INC. 





311 Sussex Street, Harrison, N. = 
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FILTER/DETECTOR MOUNT 


A filter and crystal video detector 
mount are combined in a single unit 
with a pass band of 2.6 to 3.25 kmc 
with an insertion loss of less than 





1.4 db within the band. Tangential 
sensitivity is -—57 dbm measured 
with a 2 me bandwidth using a MA- 
408B crystal. Weight is 3 oz.—Amer- 
ican Electronic Labs., Inc., 116 North 
7th St., Philadelphia 6, Pa. 
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GAIN MEASUREMENT SET 


New microwave Gain Set—consist- 
ing of preamplifier, attenuator, ampli- 
fier-detector and power supply—ac- 
curately measures gain, loss, SWR 
and other properties of a microwave 
system or component from as low as 
0.25 db to 95 db. IF amplifier-meter- 
ing portion of Gain Set operates at 
70 mc, may be used with standard 
signal sources and local oscillators 
from microwave down to VHF fre- 
quencies.—Kay Electric Co., Dept. IA, 
Maple Ave., Pine Brook, N. J. 
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FUNCTION GENERATOR 


Servomex Model LF51 generates 
over 37 different waveforms for test- 
ing servomechanisms, vibration stud- 
ies, etc., as well as programming auto- 
matic systems and analog computa- 





tion. Sine waves from 500 eps to 
0.0005 cps (one cycle in 33 minutes) 
are generated with total harmonic 
distortion less than 1%.—Marconi In- 
struments, 111 Cedar Lane, Engle- 


wood, N. J. 
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SOLID STATE SPEECH SHAPER 


New speech clipper, designed to 
operate in AM, SSB and other audio 
systems, reduces narrow high fre- 
quency peaks which limit the audio 
power capacities of the system. Shap- 
ing action also amplifies mid-range 
frequencies to produce an effective 
audio power gain of 6 db with a com- 
pression ratio of 20 db. Can be in- 
stalled in existing system.—Kaiser 
Aircraft & Electronics, P. O. Box 
9098, Phoenix, Ariz. 
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Bright Display System 
A new development, the S-C 2000 Bright Display 
system (See Figure) which combines the use of th 
Charactron shaped beam tube with Proxi, a xen, The “R 
graphic process developed by Harold Xerox, Ine, jjnates 19°" 
said to provide a means for viewing in high ambieyjmmetly n&* 
light levels, radar scope outputs combined with maps from the 
or other data displays. Developed by Stromberg tent cerar 
Carlson—San Diego, the system is fail-safe in tha method p 
the last image is retained indefinitely, even in eye 
of a power failure. 


N 





Fig. 
insul. 





$C 2000 BRIGHT DISPLAYS 
schematn, 
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CHARACTRON shaped beam tube combines with 
Xerographic processor and radar tube in new dis- 
play system. 





As shown in the simplified schematic diagram, 
images from the radar tube and positioned characters 
and symbols formed by the Charactron shaped beam 
tube are focussed on one face of the indexing xero- 
graphic processor, which is quickly sensitized by the 
data. In less than one second, the sensitized face is 
turned to face the readout system, which projects 
brilliant image on the console viewing screen or a: Fig. 
ternately onto a large theatre-type screen. Up to 4 struc 
frames per minute can be so displayed. As one xero- 
graphic plate is being sensitized by the data from the acteristi 
tubes, the plate previously sensitized is being pro § perform 
jected, while other plates are being cleaned and re B cause o 
charged, ready to accept new display data. “Redtoy 

In order to predict future target course and posi Bat any | 
tion, past history of images can be provided by i § smaller 
corporating an accumulator into the processor. The§ Mate 
earlier image is then projected at a lower intensity § “Redtoy 
than the current display. bridge 

The San Diego Division, Stromberg-Carlson, P.0.§ like the 
Box 2449, San Diego, Calif., has been assigned et frated a 
clusive sales rights for the Proxi equipment as uti § specific 
ized with a cathode ray tube. Its use with the Charac con rec 
tron tube makes the system fully compatible withBfor rec 
inputs from digital computer systems or from tele § (From 
vised data to provide brilliant integrated displays fot Semico 
military control posts, naval CIC, or air traffic control. § Conn. ) 
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New Diode Simplifies 
Bridge Assemblies 


The “Redtop” insulated basic silicon rectifier elimi- 
sates insulating washers, grease and hardware, for- 
merly needed to achieve electrical insulation of diodes 
from the heat sink, by the use of a high alumina-con- 
tent ceramic disc, brazed to metal parts (Fig. 1). New 
method provides a predetermined heat transfer char- 


s 
‘\*, .270 DIA 


CAN BE BENT TO 
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Fig. |. Ceramic disc transfers heat but is rugged 
insulator. 
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Fig. 2. New diode simplifies rectifier bridge con- 
struction. 


acteristic which surpasses the unpredictable thermal 
performance of the conventional washer assembly. Be- 
cause of its higher heat transmission efficiency, the 
“Redtop” diode can either handle higher current levels 
at any case temperature, or operate efficiently with a 
smaller heat sink. 

Material and assembly labor saved by use of the 
“Redtop” diodes is suggested by a comparison of the 
bridge assemblies in Fig. 2. The “Redtop” diodes, 
like the Bradley stud mounted and pigtail types, are 
tated at 150°C case temperature and pass military 
specifications for temperature cycling. All Bradley sili- 
con rectifiers are made with double diffused junctions 
for reduced forward voltage-drop characteristics.— 
(From 8-page Silicon Rectifier Data Book, Bradley 
Eeeoniter Corp., 275 Welton St., New Haven 11, 
‘BE Conn. ) 
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SWEEP FREQUENCY 
GENERATOR 


New Model SG1R sweep generator 
is designed to provide rapid analysis 
of tape and disk recorder and pickup 
frequency responses, on calibrated 
scope screen (furnished with SG-1R) 


replacing tedious point-by-point meth- 
ods. Also provides rapid visual meas- 
urements of filter and amplifier char- 
acteristics. Technical bulletin giving 
details of technique used is available 
on request.—Panoramic Radio Prod- 
ucts, Inc., 514 S. Fulton Ave., Mount 
Vernon, N. Y. 
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PHASE ANGLE VM 


New Model 301 Broadband phase 
angle voltmeter combines a conven- 
tional VTVM, a phase meter and a 
voltmeter to measure both quadrature 

eer _— wes i é 


and in-phase components with respect 
to a reference. Designed for labora- 
tory or ground support requirements. 
—North Atlantic Industries, Inc., 603 
Main St., Westbury, N. Y. 
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AC-DC VOLTAGE COMPARATOR 


New subminiature plug-in voltage 
comparator for airborne and ground 
support “go, no-go” checkout applica- 
tions detects differences of 8 mv dc 


ser cameeeeaanage soc 


* ‘ sR ae ts 
or 3 mv ac with a repeatability of trip 
point to 1 mv. Uses combination of 
silicon and germanium transistors 
with DPDT relay.—Optimized De- 
vices, Inc., 864 Franklin Ave., Thorn- 
wood, N. Y. 
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TRANSISTOR CORPORATION 
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COUC 


for the 


HAWK 





IMPORTANT 
SPECIFICATIONS 
Contacts: 4PDT - Dry circuit to 

3 amperes 

Size: 1%)" Dx 1%” 
Weight: 3.2 oz. 
Pull-in power: 4 watt 
Ambient Temperature: 

—65°C to +125°C 
Vibration Resistance: 

20G, 5 to 2000 cps 
Shock Resistance: 

75G operating 

200G non-operating 
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Raytheon relies on 4 


3 Arlington Street 
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Couch Relays are used in the suc- 
cessful Hawk missile now being pro- 
duced by Raytheon Company for the 
U.S. Army. Designed primarily to at- 
tack low flying aircraft from mobile 
launchers at a battle front, or from 
fixed installations in populated areas 
of the United States, the Hawk's 
mission leaves no room for error or 
unreliability of its systems. The pro- 
duction quantities of Couch Relays 
used in these systems measure up to 
this required reliability. 


Write for our new catalog on the full Couch 
line of rugged rotary relays. 


ORDNANCE 











INC. 


A subsidiary of S. H. Couch, Inc. 





North Quincy, Mass. 





ELECTRONIC CHOPPERS 


New germanium and silicon tran- 
sistor choppers linearly switch or 
chop voltages from less than a milli- 





volt to 10 volts at frequencies from 
de to 20 ke or higher. Operating 
limits for germanium units are from 
—55° to 90°C, and from —55° to 
130°C for silicon units.—Solid State 
Electronics Co., 8158 Orion Ave., Van 
Nuys, Calif. 
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LOGIC BUILDING BLOCKS 


New Series 2010 “Logix Blocks” in- 
cluding flip-flops, gates, pulse gener- 
ators, power amplifiers and multivi- 
brators, comprise a complete set of 





transistor-operated, digital logic cir- 
cuit plug-in cards. Simple rules make 
use by logicians and systems engineers 
easy.—Rese Engineering, Inc., 731 
Arch St., Philadelphia 6, Pa. 
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TELEMETERING ANALYZER 


New high resolution analyzer for 
simultaneous spectral display of all 
of 18 telemetering channels at one 
time. Subcarrier drift deviation, loss 
of signal, noise, overmodulation, in- 
terference or spurious signals are in- 
stantaneously identified. Camera 
mount display tube can be slaved to 
any channel for permanent record.— 
Probescope Company Inc., 8 Saga- 
more Hill Drive, Port Washington, 
N.Y. 
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ANALOG SCANNER 


New Model 453M Analog Signal 
Scanner using electromechanical step- 
ping switches is capable of switching 
up to 400 single-wire, 200 2-wire or 
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100 4-wire inputs. Channel numbe 
being sampled is indicated by 3- 
digit readout. Arranged for either 
manual or automatic sequencing.— 
KIN TEL Div., Cohu Electronics, Inc., 
5725 Kearny Villa Rd., San Diego 12, 
Calif. 
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Buffers Multiply Computer 
Capacity 

A powerful data processing tool has evolved from, 
large scale scientific computer by a relatively simple 
incorporation of two auxiliary core storage buffer 
The new UNIVAC 1105 system has an input/outpy 
rate 30 times that of the well-known UNIVAC SCIky. 
TIFIC Model 1103A, which it supplants. Transfer oj 


data occurs at the rate of 36 bits every 16 psec com, 
pared with 6 bits every 83 ysec in the 1103A. 
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BUFFER SYSTEM for UNIVAC 1105 computer. 


As shown below, all communication between the 
computer and the tape units goes through the 10B 
register, the TMI Model 120-BA36 buffers and the 
tape control unit TCU. Each buffer accommodates 
ten Uniservo tape handlers and will store a block of 
120 36-bit computer words. Reading and writing time 
for the buffers is 5 msec which allows the computer 
and tape handlers to be simultaneously operated 2 
full speed. 

During a tape read operation, a block of 120 36-bit 
words is loaded into the buffer without interrupting 
the computer. This information is transferred to the 
computer on demand via the 10B register at a rate 
of one 36-bit word every 16 microseconds. Thus 
with the two buffers, programs and data can be load- 
ed into the computer at maximum speed. 

Writing data on tape is the reverse of the read op- 
eration. Information is transferred to the buffer via 
10B at a rate of one 36-bit word every 16 microsec- 
onds until a block of 120 words has been loaded into 
the buffer. The block is then written on the program 
selected tape. During this operation, the other buffer 
can be loading from either tape or from the com 
puter while computation is progressing. 

Loading and unloading of data is sequential and 
may be reversed if desired. This permits utilization 
of the Uniservo feature whereby tapes may be read 
forward or backward. Thus when a block of data ' 
read from tape backward into a buffer, transfer from 
the buffer may be in reverse sequence to present the 
information to the computer in correct order. 

Fully transistorized Model 120-BA36 buffers are # 
development of Telemeter Magnetics, Inc., Lo 
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Angeles 64, Calif. Other TMI products include fer- 
rite cores and arrays, a wide range of core storage 
buffers random access memories, Data Translators, 
and special purpose data handling systems. 

UNIVAC 1105 computers utilizing 120-BA36 buf- 
fers are in operation in such installations as De- 
partment of Commerce Bureau of Census; Air Mate- 
rie) Command, USAF; University of North Carolina; 
and Armour Research Foundation, Chicago, Illinois. 


FOR MORE INFORMATION ON TMI BUFFERS 
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Relay Prototype Service 
Featured by West Coast Firm 


Steady growth over the past ten years built on a 
reputation for accurate reliable workmanship and 
rapid delivery has characterized the operation of the 
Globe Electrical Mfg. Co., of Gardena, Calif. Although 
their product lines have expanded to include special 
aircraft and missile relays, printed circuit sub-assem- 
blies and chassis mounted terminals, their most 
valued product is actually a customer service which 
features quality output, speed, flexibility and ef- 
ficiency. 





ms ~ 


TYPICAL of globe prototype production is Type "K’’ 
rotary armature and balanced twin-coil relay, meeting 
MIL-R-25018 and MIL-R-6106 specifications and avail- 
able in open and hermetically-sealed versions. 


As with many electrical components, modern relays 
are less and less a standard shelf item. Even standard 
relays are basic types offered in many different com- 
binations. Todays phenomenal development in elec- 
tronic design has created a growing need for special 
purpose relays. Due to the broad experience and skills 
of its engineering staff, Globe is able to offer design 
flexibility to meet the most difficult prototype relay 
problems. 

Rapid delivery of a few prototype special relays in 
24 hours—larger quantities in days—after receipt of 
specifications cut procurement time and costs for 
Globe’s special relay customers. Prototypes usually 
are designed and built from a broad base inventory 
of standard parts by their engineering staff working 
directly with the customer’s procurement engineers. 

Efficient, low-cost production runs of special relays 
are a major segment of Globe’s relay manufacture. 
No effort is spared to meet the customer’s require- 
ments as to design, prototype delivery and produc- 
tion due dates. (From 24-page catalog, Globe Elec- 
trical Mfg. Co., 1729 West 134th St., Gardena, Calif.) 
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MULTI-TAPPED 
POTENTIOMETER 


New precision potentiometer fea- 
turing taps set precisely to +0.1° 
as close as every 5° over a 360° wind- 
ing can be supplied in various diam- 





eters down to 1” with resistance 
values up to 500,000 ohms depending 
on the case diameter. Meets salt 
spray, humidity, vibration and shock 
MIL-spec requirements.—Precision 
Line Inc., 68 Main St., Maynard, 
Mass. 
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HEAVY DUTY SERVO POT 


Model 176 precision wirewound po- 
tentiometer having low torque (under 
0.5 oz-in/section) meets its specifica- 
tions over temperatures from —55° 
to 105°C ambient. Handles 3.5 watts 
continuous, is available in resistance 
values to 100,000 ohms.—New Eng- 
land Instrument Co., 350 Main St., 
Woonsocket, R. I. 
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TRIMMING POTENTIOMETER 


New subminiature precision wire- 
wound potentiometer of 1 watt power 
rating has a maximum operating 








temperature of 175°C and is avail- 
able in resistance from 100 to 20,000 
ohms. Meets applicable MIL-Specs.— 
Bourns, Inc., P. O. Box 2112, River- 
side, Calif. 
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CRYSTAL CASE POT 


Model 1-WO Weepot Trimming po- 
tentiometer features high shock and 
vibration tolerance, —55° to 440°C 
operating range and exceeds NAS710 
for impedance.—Handley Inc., 14758 
Keswick St., Van Nuys, Calif. 
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CERAMIC AIR DRYER 


A ceramic filter, SP-WD, resem- 
bling an aspirin tablet permits air to 
pass in and out of instrument cases 
to equalize pressure but excludes 
mositure; is expected to have applica- 
tions in air craft, missile and sub- 
marine equipment.—General Ceramics 
Corp., Keasbey, N. J. 
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CURTISS WRIGHT 


CUSTOM DESIGNED 


ELECTRONIC COMPONENTS 
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TIME DELAY RELAYS 
Instant reset — Voltage compensated 


Curtiss-Wright “IR” thermal time delay relays reset the instant 
they are de-energized. The second cycle will always provide 
the same delay as the first cycle. Variations from 22 to 32 volts 
will not affect the time delay of the “IR” Series. 


SPECIFICATIONS 
FU GOO. oc cee ces Preset 20 to 180 seconds 
Contact arrangement. .SPST, DPDT OR SPDT 
Temperature comp....... —65°C to + 125°C 
SSA 4¥2 ounces 
. Serer rss Hooked solder type 
EAP ee Bracket or stud 
Variations of the above relay characteristics 

available upon request. 


New DIGITAL MOTORS 


Stepping motors for high reliability ap- 
plications. Meet the requirements of 
assured reliability and long life for air- 
craft, missile and automation systems. 





Bi-directional * Positive lock * Dynamically 
balanced * Simplicity of design * High pulsing rate. 


New ULTRASONIC DELAY LINES 


Enables development engineers to em- 
ploy new concepts in existing and pro- 
jected applications. Low in cost, small 
in size and simple to operate. 


FEATURES 


SPECIFICATIONS 


Delay range......... 5 to 6000 microseconds 
Wo sctasvecer ees + 0.1 microsecond 
Signal to noise ratio....... Greater than 10:1 
Input and output impedance .50 to 2000 ohms 
Carrier frequency............ 100 kc — 1 mc 
Delay to pulse rise time......... Up to 800:1 













WRITE FOR COMPLETE COMPONENTS CATALOG 159 
ELECTRONICS DIVISION 


CURTISS-WRIGHT 


CORPORATION * WEST CALDWELL, N.J. 
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= 5| 3) & WWV RECEIVER 
7 8 R S aa | | 
\— 1-—-————-—-—---| 
| <—j ‘TIME CODE TIME CODE | 
| DISPLAY fe——] GENERATOR GENERATOR 

....] #1 — #N 
Hermes Range Time Generator | a a | 
SERIAL OUTPUT 


This System is composed of a Precision Frequency Time Base Oscil- 
lator with a stability better than 5 parts in 101° per day; a WWV Receiver 
with appropriate circuitry for synchronizing the System with WWV/;; Digital 
Timing Generators providing timing signals that can be recorded on 
magnetic. tape, oscillographs, plotting boards, phototheodolites, etc.; and 
line driving equipments for time distribution. 

The Hermes System is at present being used for range time generation 
at some of the country’s major missile test ranges. 


Write for Range Timing Bulletin PTS 





r 


“FEATURES 


@ TIME BASE FREQUENCY STABILITY 5 parts in 10"° per 
day (max. drift of 22 yu sec.) 

@ SYNCHRONIZATION to WWV with transmission prop- 
agation compensation 

@ TIME CODE FORMAT Choice of any of the major time 
codes such as AFMTC, AFFTC, NOMITC, and 
others 

@ OUTPUTS PROVIDED for recording time on tape record- 
ers, oscillographs, plotting boards, phototheodo- 
lites, etc. 

@ TIME is displayed in hours, minutes, and seconds 
through use of horizontally mounted Arabic 
indicators. 

@ SINE WAVE FREQUENCIES available at 1000 Kc, 100 
Ke, 10 Ke, and 1 Ke, and pulse rates of 1000 
pps, 100 pps, 10 pps, 1 pps, and 1 pp 15 sec. 











The new name for HYCON EASTERN, INC. is 
Hermes Eleetronies Co. 





75 Cambridge Parkway * Dept. U * Cambridge 42, Massachusetts 
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ADJUSTABLE THERMAL SWITCH 


New SPEC-STAT hermetically 
sealed super-high temperature switch 
is field adjustable for calibration up 





to 1750°F, and as low as —20°F. 
Electrical rating is 1.5 amps at 28 
v de, 115 v ac resistive. Temperature 
differential and repeatability is 1°F. 
—Control Products, Inc., 306 Sussex 
St., Harrison, N. J. 
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DC-DC CONVERTER 


Transistorized conversion of 27 v 
de to 120 v de without rotating com- 
ponents in power ratings to 500 watts 
and with operating temperatures to 
80°C is now available in units meeting 
Mil-specs for radio interference. 
Regulation to 1%.—Standard Elec- 
tronics Co., 1611 West 68rd St., Chi- 
cago 21, Ill. 

CIRCLE 180 ON READER-SERVICE CARD 


TRANSISTORIZED POWER 


New transistorized de power sup- 
plies, Models 62-141 and 62-142, rated 
at 5 and 10 amp respectively, are 
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both rated % to 32 v dc output. Reg- 
ulation for either line or load is under 
18 mv; ripple is less than 1 mv. Cali- 
brated adjustable overload protection 
is featured.—Dressen-Barnes Corp., 
250 No. Vinedo St., Pasadena, Calif. 
CIRCLE 181 ON READER-SERVICE CARD 


SHORT-PROOF POWER SUPPLY 


Model ME 36-5M supply is pro- 
tected by an internal circuit breaker 
actuated by fast-acting relay set at 
120% rated current. Operates from 





95-125 v 60 cps regulated to +0.5%. 
Output is variable from 0 to 36 v de 
regulated to either 0.1% or 0.01% 
with ripple only 1 mv rms maximum. 
—WMid-Eastern Electronics, Inc., 32 
Commerce St., Springfield, N. J. 
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Observation of Transient fi" 
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Response in Delay Lines fist tim: 
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The sudden closing of a circuit containing a gener. Mitte 





ator leads to a response which is the sum of the Steady 
state solution and a transient. Sabin’ has recenjy 
shown and discussed the use of a sonar bridge jy 
the 40 KC region to balance out the steadystate re 
sponse and leave only the transient which can the, 
be readily evaluated. 

This note is to call attention to his method and ¢, 
tend its application to the megacycle region for th 
evaluation of RF delay lines, filters and resonant cir. 
cuits. In the former case it may be used directly ty 
measure delay time. 
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FIG. |. DELAY LINE TRANSIENTS can be observed 
and measured using the equipment shown in this block 
diagram. 
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The essential equipment (Fig. 1) consists of a pulsed phase m 

oscillator having a balanced output, phase stability, By va 

and low harmonic distortion; a constant impedance oscillato 

180° phase reversing switch; a calibrated attenuator; able fre 

and a calibrated phase shifting network. The fineness —_— 
selves, 


of control of the latter two will depend on the ac B* 
curacy desired. The PG-650 Pulsed Oscillator has a §"™* W! 


available output of over 300 v peak-to-peak into 9 §°US® “ 

ohms which is sufficient to display the responses di hi 

rectly on the C.R.O., however, under certain circum rr ae 
siderec 


stances a wide band amplifier is needed. Also, if 
the tested unit has a different impedance than the § (From 
attenuator, it may be necessary to add matching ne: § Arenber 
Green § 


works at each termination. 

The pulser is set at the frequency of interest with a 
pulse length considerably longer than the transients. 
The attenuators are set to give equal amplitudes i0 
each channel, then the phase is adjusted to give com# | 2) 
plete cancellation at some point within the pulse. The 
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ytenuator and phase-network settings give the re- 
.jstance and reactance of the transient impedance at 
hat time. 

In one set of measurements, the tested unit was an 
Advance Electronics variable delay line (Type 302) 
st at 0.32 psec delay but not properly terminated. 
4.0.5 psec pulse at a frequency of 6.6 mc as produced 
by the pulsed oscillator is shown in Fig. 2. The de- 
layed pulse, showing both transient and steady state 
conditions is shown in Fig. 3. In Fig. 4 the steady 
state current has been balanced out. Note the nearly 
identical transients at the beginning and end of the 
pulse. Also, the length of the delay can accurately be 
measured by counting the number of 6.6 mc oscilla- 
tions elapsing between the beginning of the incident 
and reflected pulses. 

In a refinement of this method, by using two pulsed 





FIG. 3. DELAYED PULSE, 6.6 mc shows both transient 


and steadystate conditions. 





FG. 4. DELAYED PULSE with steadystate current 


balanced out shows nearly identical transients at be- 
ginning and end of pulse. 


oscillators triggered from the same source but having 
independent frequency, pulse length and trigger delay 
controls. the transient condition can be cancelled out 
at any point as well as the CW part. If this is done 
at the end of the pulse, the transient frequency and 
phase may be obtained. 

By varying the pulse length or trigger delay of one 
oscillator using a calibrated control, internally avail- 
able from values obtained by beats measured over 
frequencies in the CW portion of the pulses them- 
selves, the phase can be determined from the delay 
time without using the phase shifting network. Be- 
cause considerable difficulty is normally experienced 
in making fine adjustments in a wide range phase 
shifting network, the dual pulsing arrangement is con- 
sidered better. 


(From a 4-page brochure No. TD15 (58), by David L. 
Arenberg, Arenberg Ultrasonic Laboratory, Inc., 94. 
Green St., Jamaica Plain 30, Mass.) 


(1) G. A. Sabin, “New Technique for Measuring Transducer 


Blocked Impedance,” Jour. Acoustic Society of America, 
v. 30, #2, February, 1958. 
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ARC-RESISTANT CAPACITORS 


New Hi-Q “Cartwheel” Type HV 
capacitors, for voltage-doubling and 
other high voltage applications are 


| 
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available in rated voltages from 6 to 
30 kilovolts and in wide range of 
capacities.—Hi-Q Division, Aerovox, 
Olean, N. Y. 
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P-C CAPACITOR 


New  vertical-mounting Corning 
Type WL-4 fixed glass capacitor hav- 
ing a capacitance drift of less than 


KP » 


ACTUAL SIZE 


0.1% or 0.1 wf, is available for 
printed circuits in critical applica- 
tions, conforming to MIL-C-11272A. 
—Erie Resistor Corporation, Erie, Pa. 
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TANTALUM CAPACITORS 


New Series TF tantalum foil ca- 
pacitors meet requirements of MIL- 
C-3965B for both insulated and un- 
insulated types in three of the five 
case sizes specified. Non-polar types 
are also available for de applications 
where reversals of potential occur. 
Bulletin 152D gives additional char- 
acteristics—Ohmite Mfg. Co., 3631 
Howard St., Skokie, Ill. 
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CERAMIC CAPACITORS 


Extruded and molded (right) forms 
of a new non-inductive ceramic ca- 
pacitor covering the 300 ywuf to 0.25 
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wf range and suitable for high tem- 
peratures have been patented. Maker 
claims indefinite life since no active 
materials are used.—Packard Bell 
Electronics Corp., 12333 W. Olympic 
Blvd., Los Angeles 64, Calif. 
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DIT-MCO Is Faster and More 
Reliable Than Other Methods 


Tcke tape read-out tests, for example. This method requires extra machines to 
translate test information or a genius to remember the code used on the tape. 
Either way, it’s a costly process. Compare this to the DIT-MCO Automatic Circuit An- 
alyzer and its exclusive Matrix Chart. 


The DIT-MCO Circuit Analyzer performs the entire test itself. There’s no need ‘for 
complex machines to translate test information. All data concerning errors, circuit 
numbers, type of flaws, etc., appears on the Matrix Chart, so there’s no need for 
complicated wiring diagrams or charts! And, the DIT-MCO Circuit Analyzer checks 
one circuit against all others... over 2,000 in about three minutes... with accu- 
racy never before possible in any test system. 


Some testers are a maze of colored, flashing lights. Operators of such test ma- 
chines must refer to 100, 500 or even 1,000 miniature lights to try and locate errors. 
Charts and diagrams must also be used...with a resultant high number of 
human errors. 


The DIT-MCO Circuit Analyzer injects human decision into every test but in such a 
way that chances of human errors are nil. The easy-to-read Matrix Chart employs 
only two lights to quickly pinpoint every circuitry flaw. Yet, anyone, with less than 
one hour’s instruction, can operate the DIT-MCO Automatic Circuit Analyzer and 
perform test functions once thought impossible! 


DIT-MCO, Inc. employs an expe- 















rienced staff of sales oe in PLUGBOARD 

the field. Contact your field engi- 

neer = og ‘Sanna re PROGRAMMING 

about DIT-MCO Electrical Test MEANS 

Equipment. EFFICIENT 
TESTING! 









Jumper-wired plugboard programming utilizes 
simple, straight-forward adapter cables. Circuit 
modification problems vanish because all changes 
are easily made by re-jumpering the readily 
accessible plugboards. 


DIT-MCO, INC. 


ELECTRONICS DIVISION « BOX 10-27 
911 BROADWAY « KANSAS CITY, MO. 


Partial List of DIT-MCO Users 


Aircraft Radio Corp. @ AiResearch Manufacturing Co. @ American Bosch Arma Corp. @ American 
Machine & Foundry Co. @ American Motors @ Amphenol Electronics Corp. @ Autonetics, A Division 
of North American Aviation, Inc. @ Bell Aircraft Corp. @ Bendix Aviation Corp. @ Boeing Airplane 
Co. @ Cessna Aircraft Co. @ Chance Vought Aircraft, Inc. @ Chrysler Corp. @ Convair @ Douglas 
Aircraft Co., Inc. @ Dukane Corp. @ Electronic Products Corp. @ Fairchild Aircraft Division 
@ Farnsworth Electronics Co. @ Frankford Arsenal @ General Electric Co. @ General Mills, Inc., 
Mechanical Division @ General Precision Laboratory, Inc. @ Goodyear Aircraft Corp. @ Grumman 
Aircraft Engineering Corp. @ Hazeltine Electronics Division, Hazeltine Corp. @ Hughes Aircraft 
@ International Business Machines Corp. @ Jefferson Electronic Products Corp. @ Lock Aircraft 
Corp., Missile Systems Division @ Martin, Baltimore @ Minneapolis-Honeywell, Aeronautical Division * 
Motorola, Inc. @ Northrup Aircraft, Inc. @ Pacific Mercury Television Mfg. Corp. @ Radio Corp. of 
America @ Radioplane Co. @ Ra Manufacturing Co. @ Servomechanisms, Inc. © Sikorsky 
Aircraft @ Seay Gyroscope Co. @ Summers Gyroscope Co. @ Sun Electric Co. @ The Swartwout Co., 
Autronic Division @ Temco Aircraft Corp. @ Thompson Products @ Topp Industries Inc. @ Trans World 
Airlines @ U. S. Naval Air Station Overhaul and Repair Depots @ U. S. Naval Ordnance Laboratory, 
White Oak @ Vertol Aircraft Corp. @ Western Electric Co. @ Westinghouse Electric Corp. 
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LABORATORY ACCURACY - MILITARY RUGGEDNESS 


~TMPEDANGE BRIDGE 


MODEL 
ZB-1 


* AC and DC 
Resistance 


* Inductance 
and Storage 
Factor 





* Capacitance 
and Dissipation Factor 


The Model ZB-1 provides for measurement of 
AC and DC resistance, inductance and storage factor, capaci- 
tance and dissipation factor. It is a laboratory instrument in 
accuracy, range and versatility in addition to being compact, 
portable and ruggedly constructed. It meets all the require- 
ments of the Military Impedance Bridge Model AN/URM-90. 


























SPECIFICATION §$ 
RESISTANCE .... .+-0.001 ohm to 11 megohms A-C or D-C (8 ranges) 
CAPACITANCE.. «+ 1 uuf to 1100 uf (7 ranges) 
RANGE: ee , aa 1 uh to 1100 h (7 ranges) 
D 0.001 to 1.0 at 1 KC ) Provision for external 
Q 0.02 to 1000 at 1 KC extension 
ACCURACY ss 
RESISTANCE 0.1 ohm range +0.35% INDUCTANCE 100 uh and below +2 uh 
100 Kohmrange +0.2% 10 hand above +10% 
All other +0.15% All other +1% 
CAPACITANCE 100 uuf and below =2 uuf D FACTOR =G% +-0.0028) 
100 uuf range (above Q FACTOR to 10 hy +(5%-+0.0025) 
100 uuf) +2% at 100 hy +(5%+0.015 ) 
All other +0.5% at 1000 hy +(5%+0.055 ) 
INTERNAL OSCILLATOR FREQUENCY....1 KC +1% 
R 10 V at 250 ma. (D-C Low) 
INTERNAL D-C SUPPLY.....snsesvsensnse {odo V ot aD ma ne nan} 
INTERNAL DETECTOR .........c..cccccccssesceses Response fiat or selective at 1 KC; sensitivity control provided. 
POWER LINE 115 volts, 50-1000 cycles, 18 watts. 
DIMENSIONS 10%” x 114%4” x 1114” overall with cover. 
SID Se chtssadihiadeessasabnbshcensascrsocencdenssotes 21 Ibs. 
ACCESSORIES SUPPLIED .............c.00000000 Set of red and black test leads (19” long) with 2 alligator clips. 















For complete technical 
specifications write... 


TULA 


= 
, 


Instruments: 






Industrial Instruments: 
89 COMMERCE ROAD, CEDAR GROVE, N. J. 


CIRCLE 64 ON READER-SERVICE CARD 








TEST RANGE CAMERA 


New Photo-Sonics 70mm-10B Range 
instrumentation camera provides high- 
resolution full-frame coverage at rates 
to 360 frames/sec. Uses rotary prism- 





shutter combination for low vibration 
at high frame speeds.—Traid Corp., 
17136 Ventura Blvd., Encino, Calif. 
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TV AUTO-ZOOM LENS 


New auto-zoom lens for cce-TV 
cameras now enables a camera to 
change its field of vision by a factor 
of five-to-one without changing lenses. 


SRR: 2 





Model ARC-9 accommodating to wide 
angle and telescopic views, uses 3 
separate dc motors to control zoom, 
iris and focus adjustments. Lens con- 
trol is from remote panel if desired.— 
KIN TEL Div., Cohu Electronics, Inc., 
Box 623, San Diego, Calif. 
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FAN/FILTER COMBINATION 


Rotron Saucer Fan, only 15%” deep 
but providing 260 cfm free delivery, 
is now available in combination with 
matched filter box. Frame and filter, 








product of Air-Maze Corp., Cleveland 
28, Ohio, can be removed for clean- 
ing, also incorporates RF shielding 
for electronic components in cooled 
enclosure—Rotron Manufacturing 
Company, Woodstock, N. Y. 


CIRCLE 190 ON READER-SERVICE CARD 





Timing Module Paces 
Relay Action 


Tempo Time Delay Relays meeting the require. 
ments for miniaturization, reliability and accuracy 
required in missile, space, aircraft and ground-sup. 
port electronic systems, utilize a combination of 
transistorized electronics and a highly reliable bal. 
anced armature control relay. Factory preset delays 
from 0.020 to 300 seconds are available in standard 
accuracies of 10%, 5% and 3%, with accuracies to 
0.01% available on special order. 

The miniature relay sealed within its own case js 
mounted in contact with the module case, which acts 
as a heat sink. All control relays used in this appli. 
cation are qualified in accordance with applicable 
military environmental specifications including vibra. 
tion to 20 G at 2000 cps and shock of 50G. 

The components making up the timing module are 
mounted on a fiberglass-epoxy board. The timing 
module and the relay are then wired to the header 
sub-assembly, and the entire assembly is foamed in 
place within a metal case, using polyurethane foam. 
The foam resin provides mechanical support and 
damping with minimum weight. It also insulates 
against thermal shock and allows operation at any 
altitude without distortion of the case. 




















Rg 
TIMING BIASING 
NETWORK NETWORK 
* 
INPUT “—~ 
Cc 
-0 
TIMING BIAS 
vo.Tace | RELAY VOLTAGE 


























TIME DELAY characteristics of module are deter 
mined to any desired degree of accuracy (10% to 
0.01%) by the circuit constants of the timing network. 


Circuit Operation 


The Tempo timing module includes an RC timing 
network, a resistance divider biasing network and 4 
gate circuit (See Fig.) 

The required time delay, which is pre-set at the fac- 
tory is controlled by the gate and circuit constants of 
the passive networks. Two inputs, timing and biasing, 
control the gate which is in series with the relay coil. 
Upon application of operating voltage, bias on the 
gate is immediately established by the voltage divid- 
ing action of R,; and Ro. At the same instant of time, 
the timing capacitor C starts charging through the 
timing resistor R. When the timing voltage across C 
equals the bias voltage, the gate triggers and a volt 
age step is applied to the relay, causing actuation o 
the relay. The characteristics of the relay have no 


MILITARY SYSTEMS DESIGN 
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fect of the accuracy of the time delay. 

The gate in the “off” state exhibits a resistance be- 
en terminals A and B of several megohms mini- 
mum. In the “on” state, this resistance varies from 
,» few milliohms to several ohms. Thus 
he ratio of change in resistance from “off” to “on” 
is in the order of several million to one. An extremely 
fyst-acting device, the gate snaps from “off” to “on” 
in approximately one micro-second. Once the gate 
has fired, it locks in the “on” state while at the same 
time it forcibly discharges the capacitor. 

During the timing cycle the gate presents a load of 
gveral megohms to the capacitor. Thus, for all in- 
tents and purposes, the timing circuit is unloaded. As 
soon as the gate circuit fires, the resistance as seen by 
the capacitor drops to approximately 200 ohms. In 
this manner, the capacitor discharged very rapidly. 
The unit is then ready for recycle almost immediately 
after firing. (From 7-page Engineering Bulletin No. 
5903, “Electronic Time Relays”, Tempo Instrument 
Inc., P.O. Box 338, Hicksville, N. Y.) 
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Efficient Heat Transfer Key to 
Transistor Reliability 


High current, high speed switching characteristics 
are achieved in the new Tung-Sol 2N1313 PNP ger- 
manium alloy junction transistor which features a 
patented “Thermal Bond” to join the transistor junc- 
tion tab securely to the base plate. The bonding ma- 
terial provides complete electrical insulation while 
increasing heat dissipation. 











BETA FALL-OFF CHARACTERISTIC 


RELATIVE CURRENT GAIN 





COLLECTOR CURRENT (mA) 
Typical characteristics for 25°C operation are: 


fay, 12 mec 
Cop 12 ppf 
hpe(I;=1 ma) 60 
hrr(I¢=400 ma) 40 
(t, + ta) (rise plus 

delay) 0.45 psec 
t, (storage) 0.30 psec 
te (fall) 0.20 psec 
Icgo @ —12v 
25°C 2.5 pamp 
65°C 25.0 pamp 
I, (Max) 400 ma. 
P. (Max) 175 mw. 


Thermal resistance derating is said to be the lowest 
for electrically insulated devices, at 0.350°C/mw, and 
the excellent linearity of the current gain curve for the 
2N1313 is shown in the accompanying figure. 

The 2N1313, said to exceed all MIL environmental 
specifications, is a development of Tung-Sol Electric 
Inc., Newark 4, N. J. 

CIRCLE 192 ON READER-SERVICE CARD 


September-October, 1959 








SMALL PARTS CLEANER 


New Model 200 features a 1-gallon 
tank with 43% of its bottom covered 
with driving elements to provide high 
energy density for small part clean- 





ing. Average power of 60 watts (peak 
power 240 watts) is delivered by 
ultrasonic generator which operates 
from 115v 60 cps.—National Ultra- 
sonic Corp., 111 Montgomery Ave., 
Irvington, N. J. 
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SILICONE RUBBER WIRES 


High temperature operation to 
200°C continuous or short time expos- 
ure to 315°C; low temperature flexi- 
bility to —100°C; resistance to ozone, 
aging and radiation; electrical sta- 
bility and thermal conductivity, are 
some of the advantages of new sili- 
cone rubber formulations available in 
8 basic forms including hook-up wire, 
ignition cable, aircraft wire and ship- 
board cable.—American Super-Tem- 
perature Wires, Inc., West Canal St., 
Winooski, Vt. 
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MICRO CIRCUIT WAFERS 


High Alumina ceramic, steatite, 
glass and quartz wafers are being 
machined to close tolerances in stand- 





se 


ard shapes or to customer’s specifi- 
cations by Zenith Optical Laboratory. 
Standard items include RCA-Signal 
Corps end and substrate unit fabrica- 
tions.—Zenith Optical Laboratory, 
Copiague, N. Y. 
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ETCHED-CIRCUIT TERMINAL 


New vibrapruf terminal with count- 
ersunk knurled shank ensures against 
loosening in etched circuit and termi- 
nal board construction. Gives max con- 
tact surface within plated holes, but 
requires less top-side surface space in 
miniature boards.—Hu-Bar Termi- 
nals, Inc., 8721 Rindge Ave., Playa 
Del Rey, Calif. 
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DESIGN IDEAS FOR ELECTRONIC ENGINEERS: 


How to improve servo performance 


with Vernistat* a. 


Typical example shows how 
they increase servo reliability 
and accuracy, reduce system 
complexity and cost 

Servos which utilize resistance potenti- 
ometers must also include several other 
components to achieve high accuracy. In 
addition, these components may increase 


cost, create added problems in design, 
and add an element of unreliability. 


FOR EXAMPLE, a simple follow-up servo: 


CONVENTIONAL FOLLOW-UP SERVO 














7 











Here, to position a remote shaft in ac- 
cordance with the position of the input 
shaft, resistance potentiometers and 
summing resistor networks are used. 
This requires an accurate center-tapped 
voltage source, so that the two potenti- 
ometers will be excited by equal voltages 
of opposite phase. When the shafts of the 
two potentiometers correspond, the input 
to the amplifier will be zero. 


THIS TYPE OF CIRCUIT has inherent dif- 
ficulties : 

1) With usual high potentiometer im- 
pedances, pickup from stray electro- 
static fields may necessitate shielding of 
the remote signal leads. Shielding and 
its capacitance increases phase shift. 

2) In the summing resistor network, half 
of the error voltage appears across each 
resistor, so that only half of the error 
voltage appears at the amplifier input. 
This means a loss of gain of one-half, 
which must be made up by the amplifier. 
3) To achieve terminal linearity and re- 
sulting servo accuracy, it is often 
necessary to end-trim conventional 
potentiometers. 


CONTRAST THIS CIRCUIT WITH one 
which includes the Vernistat a.c. Poten- 
tiometer — a fundamentally new, com- 
pact device which combines several 
desirable features not available in stand- 
ard potentiometers. 


c. potentiometers 


VERNISTAT FOLLOW-UP SERVO 

















Here, a null transformer provides gain 
and transmits the error signal directly 
to the amplifier. Because of this, the 
amplifier gain requirements are reduced. 
The error signal is zero when the two 
Vernistat shafts correspond. 


IN THE VERNISTAT CIRCUIT, all signals 
are transmitted over low impedance 
leads. This reduces the circuit’s suscepti- 
bility to pickup and quadrature due to 
stray capacity. This is particularly im- 
portant in high gain servo systems. 

FEWER COMPONENTS ARE NEEDED 
with the Vernistat approach, and this 
reduces the system’s complexity. Sum- 
ming resistors are not necessary. Where 
conventional potentiometers must be 


end-trimmed to achieve terminal line- 
arity, the Vernistat inherently provides 
terminal linearity by means of its design. 





IN SOLVING DESIGN PROBLEMS like 
these, the Vernistat a.c. Potentiometer 
offers such major features as: low out- 
put impedance (as low as 45 ohms) 
with high input impedance (as high as 
200,000 ohms) — high resolution (up to 
0.004% ) — low phase shift (as low as 
0.2 minutes) — and high terminal line- 
arity (to 0.01%). Vernistat a.c. Poten- 
tiometers meet the requirements of MIL 
E 005272-B, and will operate at 125°C 
without derating. 

WRITE TODAY for full description and 
specifications on Vernistat a.c. Potenti- 
ometers, Adjustable Function Genera- 
tors, and Variable Ratio Transformers. 


*vernistat®—a design concept that unites in one compact device 


the best features of the 


precision autotransformer and the 
multiturn potentiometer 





767 Main Ave., Norwalk, Conn. 


Perkin-Elmer Gunza 
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HIGH-PRECISION 


BALL“ DISC 
INTEGRATORS 


Highest accuracy and reproducibility for automatic 
control and computing systems. Smooth, reliable 
operation for precise speed control and accurate 
integration of variables such as flow, strain or 
position. Low-cost, compact, flexible design 
element. No lubrication required. 


og" 


MODEL 219 with 
standard control rod 



























Input Torque: 
Control Rod: 


Control Rod Force: 
Backlash: 


Input Speed: 
Output Speed: 


Additional mechanical specifications and applications data available on request. 





TYPICAL 
NAVIGATION SYSTEMS + FLOW TOTALIZERS + PRECISION 
SPEED CONTROL + PLANIMETERS + TACHOMETERS 
CONTINUOUS WEIGHING DEVICES + STRAIN ANALYSIS « 
INFRA-RED SPECTROPHOTOMETERS 





APPLICATIONS 


PROCESS CONTROLS 


SPECIFICATIONS: 
Accuracy: +0.1% 
Reproducibility: +0.01% 
Output Torque: 3 02z.-in. (higher outputs at reduced accuracy) 


2 02.-in. (no output load) 

Vernier, rack, screw, or plain 

Special rods designed to specification 
3 0z. static 102. dynamic 


8 minutes at 2 0z.-in. and 4 inch 
control rod displacement 


0-750 rpm 
Reversible up to more than twice the input 
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REFLECTONE ELECTRONICS, INC. 
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STAMFORD, CONNECTICUT 
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PYROTECHNIC CHECKOUT 


New system test and checkout in- 
dicator (called PYRINDICATOR) 
for electrically initiated explosive 
actuators and pyrotechnic systems 
replaces such explosive initiators in 
the system being tested. The Pyrin- 


ee j GY 
os bss Sale 





dicator is installed in the same man- 
ner as the explosive power package 
it simulates. After continuity check- 
out, interference and circuit tests are 
completed it is removed and a red 
pop-out shows whether the circuits 
have been operated.—McCormick 
Selph Associates, Hollister Airport 
Hollister, Calif. 
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DATA TRANSMISSION CABLE 


A comprehensive line of engineered 
cables for data transmission applica- 
tions, to be marketed under the name 
“Datacable”, includes low-capacitance 
miniaturized coaxial cables, low-loss 
coaxial cables, and shielded, low-ca- 
pacitance twisted pairs for balanced 
lines. Complete technical data for en- 
gineers on request.—Times Wire and 
Cable Company, Inc., Wallingford, 
Conn. 
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MINIATURE WIRE CLIP 
Miniature Insuloid Cradleclip units 
for cables from 5/32” to 1/4” diam- 
eter are now available for use in 
miniaturized units. Consists of Nylon 





cradle with an extensible Neoprene 
clip which opens to allow wiring 
changes. Samples on request.—Elec- 
trovert Inc., 124 East 40th St., New 
York 16, N. Y. 
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FLAT CONDUCTOR CONNECTOR 


New Plyo-Duct Connector for use 
with film-insulated flat conductor 
wiring incorporates strain relief han- 
dle mountable on either male or fe- 
male connector, in rack and panel and 
cable-to-cable connections.—Methode 
Manufacturing Corp., 7447 West Wil- 
son Ave., Chicago 31, /Il. 


CIRCLE 200 ON READER-SERVICE CARD 








Solid State Flip-Flop 
Component 


A new bi-stable solid-state component which g 
proximates the function of a complete flip-flop cirey; 
has been named the Silicon Trigistor by its develo 
ers, the Solid State Products, Inc., Salem, Mass. Ty 
Trigistor, hermetically sealed in a standard TOs 
case, is said to be the first PNPN device capable of 
triggered turnoff as well as triggered turn-on contr 
at its base. It turns on with the application of a loy. 
level positive pulse to its base, then remains in a cop, 
ducting state without requiring a sustaining base cy. 
rent. A negative pulse to the base turns it off, jy 
which state it remains until again triggered on. 















ths 


f 
| 
FIG. 1. 3C TRIGISTOR is shown with conventional 
printed circuit flip-flop using transistors and with Trigis- 
tor version (right) using half the components. 
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FIG. 2. TRIGIS- 
TOR circuit for 
operation with 
base returned to 
negative bias. 





R, 
10K 


Vin 


(-1.5V) 


The 3C-series Trigistor uses far fewer components 
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in performing a given circuit function. Shift registers, 
binary counters, ring counters and similar switching 
circuits require 44 to 44 the number of component 
when Trigistors are used as compared to the conven 
tional transistor flip-flop approach (Fig. 1). 

3C Trigistors are arranged for bistable switching 
in the range of 1 to 8 ma collector current with col 
lector voltage ratings to 60v. Turnon time is typically 
0.4 ysec. Standard types can be operated at circuit 
repetition rates up to 50 ke and the “A” versions a 
rates to 200 kc. Types 3C15 and 3C15A have maxi: 
mum V,, ratings of 20 volts and a Maximum Vez of 
15 volts. Power dissipation over the —65° to 100°C 
range is 0.125 watts with a base current of 100 ma 
For operation above 100° to 125°C derate 4 mw/°C. 

Operation with base returned to negative bias is 
shown in Fig. 2. Collector “on” current, I¢o,—=4ma; 
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base bias current, I;,—150 »a; minimum trigger on, 
V,> + 1.0 v, ln> + 0.35 ma; min. trigger off, 
Va> — 3.0 v, Iin> — 2.7 ma. (From 4-page tech- 
nical bulletin, “Diffused Junction PNPN Silicon 
frigistor”, Solid State Products, Inc., One Pingree St., 
Salem, Mass.) 
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SWAMI Is Electronic 
Sentry Device 


A miniature radar-like device consisting of an 
UHF radio oscillator pulsed at a low repetition rate 
and designated the Standing Wave Area Motion Indi- 
cator (hence SWAMI) has been developed by the 
Singer Military Products Division, 149 Broadway, 
N. Y. Any motion in or intrusion into the area under 
surveillance, ranging from a few inches to several 
thousand feet, is said to induce a change in the repeti- 
tion rate which, in turn, is detected by an FM detector. 
The detector transmits this information to the moni- 
tor in a central control station to set off a suitable 
alarm. 





SWAMI Instrusion sensor is shown with single control 
box at rear. In front is shown 3-station control for 
centralized installation. 


The protective area may range from an omnidirec- 
tional 360° to a angle as narrow as 15° when con- 
centrated by a reflector in which form it might be 
used as a portable unit by the infantry. The relative 
speed of a target can also be determined by SWAMI, 








and if directly in line with the direction of motion 
the target’s absolute speed will be indicated. Move- 
ments in the area shielded by the antenna reflector 
are ignored by SWAMI. 

Although the military uses of the system are ex- 
pected to be numerous and important, the simplicity 
and low cost of the system is also expected to encour- 
age civilian uses in the protection of bank vaults, de- 
tection of speeding in traffic, and prison security. 
Several of the new Singer devices scattered about an 
area under surveillance could be monitored by a 
single guard at a central check point. 

Powered by 115v ac 60 cps current or from a port- 
able dry or wet battery, the service life of the equip- 
ment is said to be similar to that of a reliable vacuum 
tube, conservatively used. 
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ULTRASONIC DELAY LINES are listed 
with specifications in 20-page catalog. 
—Laboratory for Electronics, Inc. 
Delay Line Div., 75 Pitts St., Boston, 
Mass. 
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SPECTRUM ANALYZERS for wide 
range of applications cover complete 
line of manufacturer in new 12-page 
Catalog Digest—Panoramic Radio 
Products, Inc., 514 So. Fulton Ave., 
Mount Vernon, N. Y. 
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SHAFT POSITION Encoders, Types C- 
0 and C-200 are described in 2- -page 
bulletin No. 319.—Datex Corp., 1307 
S. Myrtle Ave., Monrovia, Calif. 
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TRANSISTORIZED DIGITAL Building 
Blocks, including negative current and 
positive current drivers, 3-digit shift 
register, and indicator driver, are de- 
scribed in separate 1-page technical 
bulletins.—Digital Equipment Corp., 
Maynard, Mass. 
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PULSE GENERATORS and Electric 
Counters are described with engineer- 
ing and applications design data in 
new 48-page general catalog.—Elec- 
trol-Pulse, Inc., 11861 Teale St., Cul- 
ver City, Calif. 
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VISUAL PHASE-SENSITIVE detector 
operation and theory is explained in 
4-page tech. bulletn No. 91411.—Boon- 
shaft and Fuchs Inc., Hatboro Indus- 
trial Park, Hatboro, Pa. 
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ANALOG-DIGITAL converter using all- 
electronic high-speed digital voltmeter 
readout is described in 2-page bulletin. 
—Electro Instruments, Inc., 3540 Aero 
Court, San Diego 11, Calif. 
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COAXIAL CHOPPERS with internal de- 
sign to conduct frequencies from de 
through L-band is specified in catalog 
sheet.—James Vibrapowr Co., 4050 N. 
Rockwell St., Chicago 18, Ill. 
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RC FILTERS, including Twin-T and 
active band-pass filters, are described 
in series of three data sheets.—TT 
Electronics, Inc., P. O. Box 180, Cul- 
ver City, Calif. 
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FREQUENCY DETECTOR of new type 
delivering a de output proportional to 
input frequency is described in new 
bulletin F-25.—Airpax Electronics, 
Inc., Seminole Div., Fort Lauderdale, 


la. 
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precision GO..NO-GO 


SU on parators 
DECISION 
DEVICES 


various models 
to choose from 
vacuum tube or 
transistorized 


APPLICATIONS: 
Automatic 
Go... No-Go 
Testing 
Automatic 
Decision 
Making 
Automatic 
Checkout 
Circuits 
Automatic 
Control 
Automatic 
Voltage 
Calibration 





model 3T 


MORE SENSITIVE & PRECISE 
THAN METER RELAYS 
Comparative sensitivity—better than 1 millivolt 


Repeatability of trip point—better than 50 microvoits 
Output—relay contacts for external connections 


write for free Engineering Guide to Dept. msp2 
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MINIATURE TERMINAL BLOCKS for 


PRINTED WIRING 





You can simplify those external connections to printed-wiring boards, no matter how 
jammed up. Kulka Type 520 miniature terminal blocks mount on board, with terminal 
pins slipping into standard connector mounting holes for dip soldering. Screw connec- 
tions for external leads. Readily connected or disconnected. Available in 2 to 24 
terminals. Entire printed-circuit board with terminal blocks and lead wires, can be 


encapsulated if desired. 


WRITE FOR LITERATURE... 
Descriptive bulletin on request. If you do 

not already have the big Kulka Terminal Block 
Catalog in your reference file, ask for it. 














KULKA ELECTRIC CORP. 
633-643 So. Fulton Avenue 
Mount Vernon, N.Y. 
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New Literature—conr. 


TELEMETRY System for drone battle- 
field surveillance is described in new 
6-page bulletin 860.—Tele-Dynamics 
Inc., 5000 Parkside Ave., Philadelphia 
31, Pa. 
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AUTOMATIC TEST equipment using 
“Add-a-unit System Analyzer” is de- 
scribed in new 8-page bulletin.—Tech- 
nical Electronics Corp., 4060 Ince 
Blvd., Culver City, Calif. 
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CAMERA-SYNE system for taking mo- 
tion pictures of vibration tests using 
conventional camera is described in 
2-page data sheet.—Chadwick-Hel- 
muth Co., 472 E. Duarte Rd. Mon- 
rovia, Calif. 
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VIBRATION ANALYSIS AMPLIFIER 
with 6 channels is described in 2-page 
Model 6006 bulletin——Columbia Re- 
search Labs., MacDade Blvd. and Bul- 
lens Lane, Woodlyn, Pa. 
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STRUCTURAL TESTING, Advanced 
Facilities for — is title of 22-page 
facilities brochure.—Missile and 
Space Vehicle Dept., General Electric, 
3198 Chestnut St., Philadelphia 4, Pa. 
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AIRBORNE CONTROLS, transducers 
and actuators in modular packages, 
are described in 4-page bulletin PS- 
5a.—Airborne Accessories Corp., 1414 
Chestnut Ave., Hillside 5, N. J. 
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STRAIN-GAGE Power Supplies are de- 
scribed in 4-page brochure.—Neff In- 
strument Corp., 2211 E. Foothill 
Blvd., Pasadena, Calif. 
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PRESSURE TRANSDUCERS using 
plastic potentiometer elements are de- 
scribed in 4-page bulletin 858.—Rahm 
Instrument Div., American Machine & 
Metals, Inc., 65 Rushmore St., West- 
bury, N. Y. 
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HALF-INCH POTENTIOMETER, water- 
tight precision type for high tem- 
perature rugged duty is described in 
data sheet.—Waters Mfg., Inc., Way- 
land, Mass. 
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SPECIAL NONLINEAR POTENTIOM- 
ETERS and special tolerance wire- 
wound pots are listed in new 100-page 
catalog 202.—Spectrol Electronics 
Corp., 1704 S. Del Mar Ave., San 
Gabriel, Calif. 
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RATE GYROS are described in 2-page 
bulletin RG-101.—Humphrey, Inc., 
2305 Canon St., San Diego 6, Calif. 
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Loading of Sealed Bearings 


RMB miniature ball bearings of the Filmoseal type 
(See Figure) are sealed to provide retention of the 
lubricant over a wide range of temperature and to 
exclude foreign matter. The sealing is accomplished 
by the capillary film at the inner race and the gaske 
at the outer race. 
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Such sealed bearings made to ABEC-1 tolerances, 
and priced accordingly below the higher grades, are 
now being used successfully in precision potentiom- 
eters, motors, gear heads, pulleys, etc. They are also 
made in ABEC-5 tolerances for app‘ications requiring 
the maximum degree of precise operation, including 
gyro rotor bearings. 

Load capacity for RMB miniature ball bearings is 
obtained from the formula: 


P = C/(is) 





where 


P is load in pounds, C is load factor for a given J) cation 
bearing, f is speed factor and s is the life factor. nt 
To Find Speed factor f oy 
rpm l 100 200 500 flare 
f 0.7 1.9 2.3 3.2 og 
rpm 1000 2000 3000 5000 +e 
f 4 5.2 5.8 6.9 poe 
rpm 10000 15000 20000 30000 Ff Trigae 
f 8.7 10 ll 125 § — 
rpm 40000 50000 75000 100000 gli! 
To Find Life factor s Usabi 
life in oe 
hours 1000 1500 2000 3000 
s 1.3 1.4 1.6 18 @ Adva 
hours 4000 5000 7500 10000 200008 i°? 
s 2 2.2 2.4 2.7 3.4 .y 


P is determined from the radial load R and the 
axial load A as follows: , 


If R is 2 to 3 times greater than A, then P= R+A ‘ 
If A is equal to R, then P= R + 1.5A 7 
If A is 2 to 3 times greater than R, then P = R + 2A 

If there is no radial load, then P = 4A Plea 
(From 4-page Brochure, RMB Miniature Ball Bear AR 
ings, Landis & Gyr, Inc., New York 36, N. Y.) 
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98 Hl introducin 
| type 9g 
of the 
ind to 
lished 
casket 
%* Sturdy steel, gray baked-enamel fin- 
ish, meets military specifications 
* 5” ball-bearing rubber tired casters 
% Rubber gasket protects scope 
* 3 power outlets; 1 input 
% Storage area for pre-amplifiers 
%* Storage shelf for tools, cord, ete. 
Accommodates any standard scope by % 95 
easy bracket relocations. From 6” to 
” id $ f ” ” x 
12%” wide; from 1644” to 22%” long F.0.B., Phila. 
Shipped knocked down (45 lbs.), assembled 
in minutes. Special modifications to suit your 
requirements. Quantity prices on request. 








Choice territories available for sales 
representation. Write for information. 
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New High Power Pulsed Oscillator PG-650-C 
e The successful introduction of the PG- 
; 650 pulsed oscillator to many test appli- 
| given cations has led to an improved model 
of interest to workers in ultrasonics, 
rr. rf. transient analysis, nuclear mag- 
netic resonance, etc. The following 
characteristics and features are avail- 
able only with the PG-650-C. 
500 Frequency Coverage 5-90 MC in 7 ranges* 
R.F. output Voltage (Min.) into 93 MMS cece eee 0—300 p to p 
3.2 Pulse length continuously variable oo... viaeoieaiecel I',—15 usec 
Fs. US ee a 
5000 Pulse Droop ........ ATEN 5% Max. 
Noise Output between Pulses .... Thermal Noise from Termination 
6.9 ‘_@r seoment (Max.) mostly 3rd ——_" 10% 
- F. Leakage ................. siiesdisecicasssiputang tape egligible 
30000 | Trigger to Pulse Jitter ae heet vasasclaesa el esa ae wmee 
12.5 SPECIAL FEATURES 


Internal Delay Ranges available from calibrated 
100000 elipot nites seesngarnpanenenrseive, 200, 1100, 11,000 usec 
18.8 Gate Pulse output available for intensifying and blanking purposes. 

External modulation of r.f. oscillator using varying pulse lengths and 

\P.r.f's for Carr-Purcell Method. 

Fine controls of P.R.F., Pulse length, and delay times. 

Usable as C. W. Source or Pulsed Amplifier 

*Special coils will extend coverage from 0.5 to 150 MC 


ULTRASONIC DELAY LINES 


Advanced designs in solid delay lines has been the feature of 
ARULAB products. This organization has always been the leader 
in a highly competitive field in improving the performance in all 
respects. The model shown has the lowest 
¥ secondary level and widest bandwidth in 
history and was designed especially for 
integration applications 


SPECIFICATIONS: 

ictal na tee tsteiad 900 usec 
Average Max. Secondary level ................. 70 db 
Triple Travel level .......... 60 db 
Bandwidth for Operation ............................ 10 MC 
Center Frequency .. 40 MC 
i RE ee 20 MC 
Size 14'/."" diam. x 1" 


Please write for our bulletins on other test equipment: Wide Band 
Amplifiers, Preamplifiers, and Precision Attenuators. 


ARENBERG ULTRASONIC LABORATORY, INC. 


94 Green Street, Jamaica Plain 30, Mass. Phone—JAmaica 2-8640 





3000 
18 
20000 

3.4 


nd_ the 


+A 
4+ 2A 














1 Bear- 


















CIRCLE 75 ON READER-SERVICE CARD 


-SIGN Peptember-October, 1959 


DC OPERATIONAL AMPLIFIER for 
Military use is described with specs 
in new data sheet USA-4J.—Geo. A. 
Philbrick Researches, Inc., 51 Melcher 
St., Boston 10, Mass. 
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INERTIAL GUIDANCE PLATFORMS 
utilizing KR-11A Gyro and LB-2B1 
Accelerometer and available in nine 
types are described in 8-page bulletin 
GEA-59APJ-65A.—Light Military 
Electronics Dept., General Electric 
Co., 600 Main St., Johnson City, N. Y. 
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SERVO SYSTEM SIMULATOR, used in 
design and test of servo systems and 
controls is described in 6-page report 
SR-1.—Servo Corporation of America, 
F ad South Rd., Hicksville, L. I., 
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MAGNETIG Clutches and Clutch 
Brakes are listed in new 4-page short- 
form catalog.—Dynamic Instrument 
Corp., 59 New York Ave., Westbury, 
is Be. oe 
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MAGNETIC CLUTCH data on new C-18 
clutch is provided in 2-page bulletin.— 
Guidance Controls Corp., 110 Duffy 
Ave., Hicksville, L. I., N. Y. 
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SLOW-SPEED SYNCHRONOUS ac 
“Slo-Syn” gearless motor (72 rpm, 
high torque) is described with appli- 
cations in 12-page bulletin SS459.— 
The Superior Electric Co., Bristol, 
Conn. 
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SWINGING INDUCTOR circuit designs 
are simplified by using series of seven 
2-page engineering bulletins punched 
for insertion in notebook.—Magnetic 
Circuit Elements Inc., 3722 Park 
Place, Montrose, Calif. 
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TRANSFORMERS for blocking oscil- 
lators, pulse shaping, isolating, cou- 
pling and impedance matching are 
listed in 6-page catalog TR019.—The 
Gudeman Company of California, 
Inc., 2669 S. Myrtle Ave., Monrovia, 
Calif. 
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TRANSFORMERS, reactors, magnetic 
amplifiers, filters and High-Q coils are 
listed in new 42-page general catalog. 
—United Transformer Corp., 150 
Varick St., New York 13, N. Y. 
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TRANSFORMER specification sheet 
meeting MIL-T-27A information re- 
quirements (for use as guide when 
specifying custom-built transformers) 
is available on request.—Microtran 
Co., Ltd. 
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MINIATURE TOROIDAL inductors for 
printed circuits are described in data 
sheet I 8-2.—Arnold Magnetics Corp., 
4613 W. Jefferson Blvd., Los Angeles 
16, Calif. 
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Write for detailed literature to... 


ROTRON mfg. co., inc. 


® WOODSTOCK, NEW YORK 
in Canada: The Hoover Co., Ltd., Hamilton, Ont. 
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Fixed & Mobile Radat 
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° communications 


TANTALYTIC CAPACITORS with in. 
creased ratings in many cases sizes 
are described in new 4-page bulletip 
GEA-6766A.—General Electric (Co, 
Schenectady 5, N. Y. 
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POLYSTYRENE FILM CAPACITOR 
characteristics are listed in 10-page 
engineering bulletin 2510A.—Spragy 
Electric Co., North Adams, Mass, 
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SILICON AND GERMANIUM semicon. 
ductor devices in all classifications ary 
listed in new compact 8-page catalog, 
—Transitron Electronic Corp., Wake. 
field, Mass. 
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SELENIUM RECTIFIER application de. 
sign notes for G. E. Vac-U-Sel reeti- 
fiers are given in 27 page booklet 
ECG-402.—Semiconductor Products 
a General Electric Co., Liverpool, 
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ACG GENERATORS in 18 different mod. 
els are covered in series of nine spe. 
cification sheets.—Kato Engineering 
Co., Mankato, Minn. 
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ROTARY POWER Actuators for rotary 
vibrating testing, angular load test. 
ing, etc., are described in data sheet 
No. 592.—Vard, Inc., 2981 East Colo 
rado St., Pasadena, Calif. 
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DRY BATTERY Cross Index shows ba 
teries by MIL and NEDA number 
cross-referenced with various manv- 
facturer’s catalog numbers.—National 
Electronic Distributors Assoc., 343 § 
Dearborn St., Chicago 4, Ill. 


CIRCLE 243 ON READER-SERVICE CARD 


MINIATURE REFRIGERATOR system 
for IR cell cooling is described in nev 
Spec Sheet.—A. D. Little, Inc., Acom 
Park, Cambridge 40, Mass. 
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DEWARS for Low Temperature r; 
search and associated equipment ar 
described in new 44-page book.—Hof 
man Laboratories, Inc., 5 Evans Ter 
minal, Hillside, N. J. 
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THERMOMETER WELLS for bimetallif 
thermometers are described in new! 
page catalog.—Trinity Equipmen 
Corp., Cortland, N. Y. 

CIRCLE 246 ON READER-SERVICE CARD 


MICROTOMES, centrifuges and _ othe 
laboratory equipment are described 
12-page Servall Catalog.—Ivan Se 
vall, Inc., Norwalk, Conn. 
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MINIATURE FAN for equipment vel 
tilation is described in 6-page foldé 
on Rotron “Muffin” fan.—Rotré 
Mfg. Co., Woodstock, N. Y. 
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.. . BMIGROWAVE DIODES, magnetrons, 
with ip. ferrite isolators, and other component 
se jnes are listed in 8-page short-form 
pullet atalog—Microwave Associates, Inc., 


®..Epurlington, Mass. 
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HIG VISUAL Control planning 
PACITOR Pe etaining suggestions for pic- 
10-pagef-uring facts in step-by-step or in time 
Spraguelquence is free on request.—Graphic 
Mass. systems, 55 W. 42nd St., New York 
carn 35, N. Y 
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semicon. 
tions an@pRINTED CIRCUIT panel pads for 
catalog. Estick-on layout to reduce drafting time 
.» WakeMare described in 4-page catalog.— 
u & C Products Co., 6918 State Rd., 
Philadelphia 35, Pa. 
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| CARD 


ation 
3e] reek VOID-FREE ENCAPSULATION of elec- 
- bookletitrical components is described in 6- 
roductsgpage technical bulletin 101.—Auto- 
iverpoogmatic Process Control, 1170 Morris 
Ave, Union, N. J 
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ONDED MICA INSULATION in vari- 
ous forms and fabricated parts are 
described in 14-page catalog M 59.— 
ontinental-Diamond Fibre Corp., 
ewark, Del. 
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or rotaryLUMINUM COAXIAL TNC Connectors 

oad testBaving up to 65% weight are de- 

ata shettvribed in new flyer to fittings cata- 

ast Colofing—General RF Fittings, Inc., 702 
Beason St., Boston 15, Mass. 
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hows batWPNEUMATIC FUSE to prevent blow- 
numbersfiown of high pressure gas systems 
is manugs described in data sheet.—Aerodyne 
-Nationaf-ontrols Corp., 1783 New York Ave., 
c., 343 Sfuntington Station, N. Y. 

l. 
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E CARD 

HOCK ISOLATORS, Selection of— 
R system} subject of 4-page technical bulletin 
od in nevp?-04.—Barry Controls, Inc. 700 


Pleasant St., Watertown 72, Mass. 
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ic., Acort 


;E CARD 
IGHTED PUSHBUTTON Panel 
ature repWitches in complete Twinlite line are 
ment arescribed in 6-page bulletin 55.—Elec- 
ok.—Hotyrsnap Corp., 4218 W. Lake St., Chi- 
vans Terg*s° 24, Ill. 
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7E CARD 
IRE and Cable Markers are de- 
tibed in 4-page brochure.—Westline 

mroducts Div., Westline Lithograph 
ey East End St., Los Angeles 54, 
alif. 
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IRING HARNESS, Points in manu- 


and ey acture and design of—is subject of 
— page booklet.—Methods, Inc., 12 
ven land Ave., Emerson, N. J. 
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NOBS meeting MIL-specs are de- 
ribed in new 4-page KMS series 
ulletin 59-3.—National Radio Co., 
elrose 76, Mass. 
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engineers ¢« scientists 


IDEAS CLEARLY IMAGINED 


BECOME REALITIES 
AT REPUBLIC AVIATION 


During the early years of this century the airplane was only 
the dream of a few dedicated men. Yet in the short span of 


5 decades this dream has evolved into such advanced aircraft 


as Republic’s F-105 — the free world’s most powerful 


fighter-bomber — which is capable of flight in the Mach 2 regime. 
The same holds true for missiles and space vehicles. Thirty brief 


years ago they existed in only a few imaginations. Today at 


Republic the imaginations of many men are working to create 


the vehicles that will allow man to explore the last frontier — 


space. Included in this far-ranging research and development 
effort are plasma propulsion systems, electronic and hydraulic 
subsystems that will operate efficiently in extreme environments, 
and the calculation of super-accurate space flight trajectories. 


Working across the total technology of flight, Republic engineers 
and scientists see their ideas become realities because the novel, 


the unique and the revolutionary in technical thinking are 
appreciated and encouraged by management. New 
investigations and new contracts mean you can put 
yur ideas in motion at Republic Aviation. 


EMPLOYMENT OPPORTUNITIES 
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Address box replies 
to Instruments Pub- 
lishing Co. 845 
Ridge Ave., Pitts- © 
burgh 12, Pa. 


immediate Openings in Advanced Areas for Engineers 
and Scientists at all Levels of Experience: 


ELECTRONICS: Inertial Guidance & Navigation « Digital Computer 
Development « Systems Engineering ¢ Information Theory « 
Telemetry-SSB Technique « Doppler Radar « Countermeasures ¢ 
Radome & Antenna Design « Microwave Circuitry & Components 

¢ Receiver & Transmitter Design « Airborne Navigational 

Systems ¢ Jamming & Anti-Jamming « Miniaturization- 
Transistorization « Ranging Systems « Propagation Studies « 
Ground Support Equipment « Infrared & Ultra-Violet Techniques 


THERMO, AERODYNAMICS: Theoretical Gasdynamics « Hyper- 
Velocity Studies « Astronautics Precision Trajectories « Air Load 
and Aeroelasticity « Airplane/Missile Performance « Stability and 
Controls « Flutter & Vibration « Vehicle Dynamics and 

System Designs ¢ High Altitude Atmosphere Physics « Re-entry 
Heat Transfer ¢ Hydromagnetics « Ground Support Equipment 


PLASMA PROPULSION: Plasma Physics « Gaseous Electronics « 
Hypersonics and Shock Phenomena « Hydromagnetics « Physical 
Chemistry ¢ Combustion and Detonation « Instrumentation « 
High Power Pulse Electronics 


NUCLEAR PROPULSION & RADIATION PHENOMENA: Nuclear 
Weapons Effects « Radiation Environment in Space « Nuclear 
Power & Propulsion Applications « Nuclear Radiation Laboratories 


RATES 


Display Space: 


Contract rates 
apply. Subject 
to Agency 
Commission. 


Non-display 
Space: 


$2.00 per line, 
minimum of 
three lines. 
Not subject 
to Agency 
Commission. 


Send resume in confidence to: 

Mr. George R. Hickman 

Engineering Employment Manager, Dept. 19K 
STEP: AVIAIMZoNw 


FARMINGDALE, Lonc IsLanp, NEw York 
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P. B. R. Manufacturing Co. 

PCA Electronics, Inc. .......... ; ne i 
Panoramic Radio Products, Inc. 221 
Power Designs Inc. o ’ Back Cover 


Radio Corporation of America (RCA) 
o- pOetton at bali . aianinoeatiles 
etlectone Electronics, Inc. 

Republic Aviation ... - 
Resistance Products Company . ; 
Rotron Mfg. Co., Inc. is 

Royal McBee Corporation _. 





Solid State Electronics Co. Maximum Average 

Sperry Semiconductor Division, Peak Recurrent | Forward Current 

see siry, “ped Corporation Inverse Voltage @ 150°C Case 
ard Electro ; 

Stanpat Co. : = ae i ll ” (Volts) (amps) 

Sturtevant Co., P. A. : 4 400 




















Taber Instrument Corporation 

Transitron Electronic Corporation 

Trans-Sonics. ‘Inc. Kol rk ope Sask ie 
Tung-Sol Electric Inc. _ ‘ rinacaait 233 


Valcor En ineering Cor 
Vernistat Bivision Perkin-Elmer ” 
Corporation ... 


Vitramon, Inc. _ Z 9 - : — . - me — 
. q és N 12, 18, 14 and 15 in a series of 37 
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